


Richard Spitaler To: Jan Pels/R5/USEPA/US@EPA
<RSPITALER@mbake cc:

rcorp.com> Subject: Re: QAPP for Gary Pilot
09/14/02 07:17 PM

Jan

In response to your question, I realized table 3-1 included analysis

for polyaromatic hydrocarbons in the footnotes. I believe this is an
oversight on cur part. Initially there had been discussion to include
PAHs as well as other analytes in the J-Pit investigation but it was
decided to limit the initial list. It was felt that most potential
sources for PAHs would also include SVOC constituents and therefore were
not included in initial as part of the initial analytes in order to
limit the costs.

In addition, this agrees with what is stated in the text of the SAP and
is also consistent the City of Garys agreement under the voluntary
remediation program with the state. {An updated table is attached).

In terms of Baker beginning field work, 1t is my beleif that we would

be able to proceed with the geoprobe portion of the investigation within
a couple weeks after recieving approval on the QAPP. I will need to
confirm this with the office manager.

Jan if you would like for me to give you a call please let me know what
works in you schedule this week.

Thanks
Rick Spitaler
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Jan Pels To: Richard Spitaler <RSPITALER@mbakercorp.com:>

. cc: mmulligan@ci.gary.in.us
y 08/23/0204:39 PM Subject: Re: QAPP for Gary PilotE

PR AL I AT I T T S ST S T e U e A e i AR T e

Rick:

Thanks for the reply!

Regarding the analyses for the metals, I'm still not clear about what list of metals you'll be looking
for. The sampling plan (Table 3-2) identifies the 8 RCRA metals (As, Ba, Cd, Cr, Pb, Hg, Se and
Ag); however, the reply below includes some additional metals (such as Sb, Ni, Vand Zn). The
metals list needs to be resolved and corrected such that it's clear what will be analyzed for.

Based on the reply below, we are still missing the 1) lab SOPs for the GFAA sample prep for water
water samples, and the 2) lab SOP for GFAA of Cd in waters.

Table 3-1 of the sampling plan needs to reflect that the list of PAHs below will be analyzed for by
Method 8270 in soils, and by Method 8310 for waters.

You may want to itemize the list of analytes that are required and attach this list to the sampling
plan, similar to what you have below. You may want to do the same for the VOC compounds, so
that it's clear whether you're going to look for the entire list of VOCs in Table 1-2 or some sub-set.

Does the lab have a list of soil MDLs for the metals?
| think this is it! Please call or reply if you think we need to discuss this!
Thanks for all of your work on this QAPP.

Jan
Richard Spitaler <RSPITALER@mbakercorp.com>

Richard Spitaier To: Jan Pels/R5/USEPA/US@EPA
<RSPITALER@mbake cc: mmulligan@ci.gary.in.us
rcorp.com> Subject: Re: QAPP for Gary Pilot

08/22/02 07:19 PM



Jan:

Thanks for your assistance. In response to your e-mail, I have
attached a copy of the Acronyms list for the QAPP.

In addition, I had previously contacted Jeff Lowe of Sima Labs to
answer the questions you had raised in your previous voice mail.

I believe your ccncerns are addressed in his response presented below |
note these changes are being incorporated in Table 1-2):

Please let me know 1f these answers are sufficient, they will then be
finalized and copies sent to yocu. Please let me know if you still wish

tc set up a conference call with Sima to resolve any questions you may
still have.

Sincerely, Rick Spitaler
Sima response:

The metals in water will be run as fcllows:
GFAA- Cd (PQL=0.001 mg/l), &As {(0.01), Sb (0.02), Se (0.005)
ICP- Pb (0.005), Ag, Ba, Be, Ni, V, Zn

All metals in soil, with the exception of Hg, will be run by ICP with
the fellowing PQLs:

b (0.25 mg/kg), Cd (0.5}, BAg (0.5), Ba (0.5), As, (5), Sb (5), Be
{(C.5), Ni (1), Se (B), V (1), Zn (1)

All PAHs in water will be run by HPLC (SW8310) with the following
PQOLs:

Analyte PQL, mg/1
Acenaphthene 0.005
Acenaphthylene C.0025
Anthracene C.c001
Benzolalanthracene 0.0001

Benzo[alpyrene 0.0002

Benzo[b] flucranthene L0001
Benzo[g,h,i]lperylene .0004
Benzo[k]fluoranthene 0001

Chrysene 0.0002
Dibenz[a,h]lanthracene 0.0003

Fluoranthene 0.00025
Flucrene _ 0.0005
Indeno[1l,2,3cd]pyrene 0.00025

Naphthalene : 0.0025
Phenanthrene 0.0002

Pyrene 0.0005

o o Q

All PAHs in sc¢il will be run by GC/MS (SW8270C) with the PQLs listed in
table 1-2 (or even lower PQLs).

)

Acronyms.x



Jan Pels To: Richard Spitaler <RSPITALER@mbakercorp.com:>

) cc:
09/12/02 03:40 PM Subject: Re: QAPP for Gary PilotEd

Rick:

| did find that | do have a copy of the water prep SOP for GFAA metals. It's only the cadmium
GFAA SOP that | don't have. Sorry about that!

| have reviewed the tables that you emailed. Table 3-1 is still not clear as to what analytes are
being tested for. The table does not include PAHSs at all....

Maybe we should discuss these final comments so that we can get the QAPP finalized soon. What
does your schedule look like in terms of scheduling field work?

Thanks!
Jan



Jan Pels To: Richard Spitaler <RSPITALER@mbakercorp.com>

) cc: mmulligan@ci.gary.in.us (Mary Mulligan)
08/22/0210:53 AM Subject: Re: QAPP for Gary PilotE

Rick:

As per our brief discussion yesterday, | took a look at the QAPP, and the following issues still need
te be resolved.

- The Acronym List is not included in the copy 1 have. If you have this page handy, could you
FAX it over? Or email it?

- Regarding the list of analytes and PQLs: | am still unclear about what methods are being
anticipated to be used for the metals. It appears that some of the metals would be better suited
to a GFAA analysis versus the planned ICP method. When | reviewed Sima's method 6010B,
which is referenced as the method for the metals (other than mercury), the PQLs that are in the
lab's SOP are not those referenced in Table 1-2. For example, lead is listed with a PQL of 0.003
mg/L in Table 1-2, but with an MDL of 0.020 mg/L in the Sima SOP for 6010B- the lab cannot
report a PQL lower than their MDL.  Since there is no apparent residential standard for lead, the
lab could probably do the analysis by ICP, but should use a PQL greater than their MDL.

Selenium has an MDL of 0.078 mg/L and a PQL of 0.1 mg/L in the Sima SOP,but the GW
residential Tier il Screening level is 0.05 mg/L, which is below the lab's MDL.  You will probably
need to request that the 1ab do this analysis by GFAA rather than by ICP.

Cadmium has an MDL of 0.002 mg/L and a PQL of 0.01 mg/L in the Sima SOP, but the GW
residential Tier Il Screening level is 0.005 mg/L, just a liitle more than double the MDL. This
could be done by ICP, but it could also be done with a lower detection limit by GFAA.

- Arsenic has an MDL of 0.026 mg/L and a PQL of 0.1 mg/L in the Sima SOP, but the GW
residential Tier I Screening level is 0.05 mg/L and a PQL in Table 1.2 of 0.01 mg/L. The lab

cannot have a PQL fower than their MDL. You might want to request that arsenic be analyzed by
GFAA.

it might be helpful to have a conversation all together with the lab, so that we're all on the same
page as far as what analytes are required, what detection limits/methods are appropriate, and to
get the issue documented correctly in the QAPP.

Also, we need to have the lab's MDL and PQL for the soil samples for the metals analysis in order
to understand whether the methods can meet the State Tier |l screening levels for residential
sois.

Once we know what methods are appropriate, we can determine whether we have ali of the
methods in the QAPP.

Please call to discuss this when you have a minute.

Thanks!
Jan
(312) 886-3009



etrachioroethane

1,1,1-Trichloroethane

1,1,2,2-Tetrachloroethane

1,1,2-Trichloroethane

1,1-Dichlorogthane

1,1-Dichloroethene

1,2-Dichloroethane

1,2-Dichlorobenzene 10
1,3,5-Trimethylbenzene 5
1,3-Dichlorobenzene 10
1,3-Dichloropropane 5
1,4-Dichlorobenzene 10
2,2-Dichloropropans 5
2-Chloroethyl vinyl ether 10
2-Chlorotoluene 10
4-Chlorotoluene 10
Acetonitrile 100
Bromobenzene 5
Cumene 5
Dibromomethane 5
Dichlorodifluoromethane 5
Ethylene Dibromide 10
Hexachlorobutadiene 100
isopropylbenzene 5
n-Butyl Alcohol 100
n-Butylbenzene 10
n-Propylbenzene 10
Naphthalene 10
p-lsopropyitcluene 5
sec-Butylbenzene 5
tert-Butylbenzene 5
Total 1,2-Dichloroathene 5
Total Xylenes 5

1,2-Dichloropropane 5
2-Butanone 10
2-Hexanone 10
4-Methyl-2-Pentanone 10
Acetone 50
Acrolein 100
Acrylonitrile 100
Benzene 5
Bromodichloromethane 5
Bromoform 5
Bromomethane 10
Carbon Disulfide 10
Carbon tetrachloride 5
Chlorohenzene 5
Chlorodibromomethane 5
Chloroethane 10
Chloroform 5
Chloromethane 10
cis-1,2-Dichloroethene 5
cis-1,3-Dichloropropene 5
Dibremochloromethane 5
Dichlorobromomethane 5
Dichloromethane 5
Ethylbenzene 5
m,p-Xylene 5
Methyl Ethyl Ketone 10
Methy! Isobutyl Ketone 5
Methyl-t-Butyl Ether 10
Methylene chloride 10
MTBE 10
o-Xylene 5
Styrene 5
tert-Butyl Methyl Ether 10

Tetrachlorcethene

Toluene

trans-1,2-Dichloroethene

trans-1,3-Dichloropropene

Trichloroethene

Trichlorofluoromethane

Vinyl Acetate

Vinyl chicride

i

1,1-Dichicropropene

1.2,3-Trichlorobenzene

1,2,3-Trichloropropane

1,2,4-Trichlorobenzene

1,2,4-Trimethylbenzene

1,2-Dibromo-3-Chloropropane

1,2-Dibromoethane
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[ ,2,4-Trichlorobenene

Chrysene 10
Di{2-ethythexyt) phthalate 10
Di-n-buty! phthalate 10
Di-n-octyl phihalate 10
Dibenzia,hljanthracene 10
Dibenzofuran 10
Diethyl phihalate 10
Dimethyl phthalate 10
Fluoranthene 10
Fiuorene 10
Hexachlorobenzene 10
Hexachlorobutadiene 10
Hexachlcrocyclopentadiene 10
Hexachlcroethane 10
indeno{1,2,3cd]pyrene 10
isophorone 10
m-Dichlorobenzene 10
MN-Nitresodi-n-propylamine 10
N-Nitrosodimethylamine 10
N-Nitrosodiphenylamine 10
Naphthalene 10
Nitrobenzene 10
o-Chlorophenol 10
p-Chlore-m-cresol 20
p-Chlorpaniiine 20
p-Cresol 10
Pentachloropheno! 50
Phenanthrene 10
Phenol 10
Pyrene 10
Pyridine 10
Total Cresol 10

10
1,2-Dichiorcbenzens 10
1,2-Diphenyl-hydrazine 10
1,3-Dichlorobenzene 10
1,4-Dichlorobenzene 10
2,2 -oxybis{1-chlcropropane) 10
2.4 5-Trichiorophenal 10
2,4 6-Trichtorophenol 10
2,4-Dichlorophenoi 10
2,4-Dimethyiphenol 10
2,4-Dinitrophenol 50
2. 4-Dinitrotoluene 10
2,6-Dichicrophenol 10
2.6-Dinitrotoluene 10
2-Chicronaghthalene 10
2-Chlorophenol 10
2-Methyl-4,6-dinitrophenol 50
2-Methylnaphthalene 10
2-Methylphenoi 10
2-Nitroanifine 50
2-Nitrophenoi 10
3,3 -Dichiorobenzidine 50
3.4-Benzofluoranthene 10
3-Methyiphenol 10
3-Nitroanktine 50
3/4-Methyiphenoi 10
4,6-Dinitro-2-methyiphenol 50
4,6-Dinitro-o-cresol 50
4-Bromogheny! phenyl ether 10
4-Chloro-3-methyiphenoi 20
4-Chloroaniline 20
4-Chlorophenyl phenyl ether 10
4-Nitroaniline 50
4-Nitropheno! 50
Acenaphthene 10
Acenaphthylene 10
Acetophenone 10
Aniline 10
Anthracene 10
Benzidine 50
Benzola]anthracene 10
Benzolalpyrene 10
Benzo[blfiuoranthene 10
Benzo[g,h,ilperyiene 10
Benzol[j]flucranthene 10
Benzo[k]flucranthene 10
Benzoic acid 50
Benzyl aicohol 20
beta-Chloronaphthalena 10
Bis(2-chloroethoxy)methane 10
Bis(2-chloroethyi}ether 10
Bis{2-chloroisopropyl)ether 10
Bis(2-ethylhexyl)ghthalate 10
Butyl benzyl phthalate 10

Carbazole

10




Richard Spitaler To: Jan Pels/R5/USEPA/US@EPA
<RSPITALER@mbake cc: mmulligan@ci.gary.in.us
rcorp.com> Subject: Re: QAPP for Gary Pilot

08/22/02 07:19 PM

Jan:

Thanks for your assistance. In responsge to your e-mail, I have
attached a copy of the Acronyms list for the QAPP.

In addition, I had previously contacted Jeff Lowe of Sima Labs to
answer the questions you had ralsed in your previous voice mail.

I believe your concerns are addressed in his response presented below |
note thege changes are being incorporated in Table 1-2):

Please let me know if these answers are gufficient, they will then be
finalized and copies sent to you. Plearge let me knoew if vyou still wigh
toc set up a conference call with Sima to resolve any guestions you may
still have.

Sincerely, Rick Spitaler
Sima response:

The metals in water will be run as follows:
GFARD- cd (PQL=0:001 mg/l)j Ag {0.01), Sb {(0.02), Se (0.005)
ICp- Pb (0.005), Ag, Ba, Be, Ni, V, %n

A1l metals in soil, with the exception of Hg, will be run by ICP with
the following PQLS:

Pb (0.25 mg/kg), Cd (0.5), Ag {0.5
{0.5), Wi (1), se (5), V (1}, zn (

), Ba (0.5}, As, (5}, Sb (5), Be
1)

All PAHg in water will be run by HPLC {SW8310) with the following
PQOLs:

Analyte PQL, mg/1
Acenaphthene 0.005
Acenaphthylene 0.0025
Anthracene 0.0001
Benzo [a] anthracene 0.0001 '
EBenzo [al pyrene 0.0002

Benzo [b] fluoranthene 0.0001

Benzolg,h, ilperylene 0.0004

Benzo [k] fluoranthene 0.0001

Chrysene ' 0.0002
Dibenz ia,h}anthracene 0.0003

Fluoranthene 0.00025
Fluorene 0.0005
Indencil,2,3cdlpyrene 0.00025

Naphthalene 0.0025
Phenanthrene 0.0002

Pyrene 0.0005

All PARHs in soll will be run by GC/MS (SW8270C) with the PQLs listed in
table 1-2 (or even lower PQLs) . :

Acronyms.xls



Jan Pels To: Richard Spitaler <RSPITALER@mbakercorp.com>

) cc: mmulligan@ecl.gary.in.us
08/23/02 04:39 PM Subject; Re: QAPP for Gary PHOTE?

Rick:

Thanks for the reply!

Regarding the analyses for the metals, I'm still not clear about what list of metals you'll be looking
far. The sampling plan (Table 3-2) identifies the 8 RCRA metals (As, Ba, Cd, Cr, Pb, Hg, Se and
Ag); however, the reply below includes some additional metals (such as Sb, Ni, V and Zn).  The
metals list needs to be resolved and corrected such that it's clear what will be analyzed for.

Based on the reply below, wa ara still missing the 1) lab SOPs for the GFAA sample prep for water
water samples, and the 2) lab SOP for GFAA of Cd in waters.

Table 3-1 of the sampling plan needs to reflect that the list of PAHs balow will be analyzed for by
Method 8270 in soils, and by Method 8310 for waters.

You may want to itemize the list of analytes that are required and attach this list to the sampling
plan, similar to what you have befow. You may want to do the same for the VOC compounds, s0
that it's clear whether you're going to look for the entire list of VOCs in Table 1-2 or some sub-set.
Does the lab have a list of soil MDLs for the metals?

[ think this is it! Please call or reply if you think we need to discuss this!

Thanks for all of your work on this QAPP.

Jan
Richard Spitaler <RSPITALER@mbakercorp.com>

Richard Spitaler To: Jan Pels/R5/USEPA/US@EPA
<RSPITALER@mbake cc: mmulligan@ci.gary.in.us
rcorp.com:> Subject; Re: QAPP for Gary Pilot

08/22/02 07:19 PM



Jan:

Thanks for your assistance. In response tc your e-mail, I have
attached a copy of the Acronyms list for the QAFP.

In addition, I had previousgly contacted Jeff Lowe of Sima Labs to
answer the guestions you had raised in your previous volce mail.

I believe your concerns are addressed in his response presented below |
note thesge changes are being incorporated in Table 1-2):

Please let me know if these answersg are sufficient, they will then be
finalized and copies sent to you. Please let me know if vyou still wish
to set up a conference call with Sima to resolve any guestions you may
still have.

Sincerely, Rick S8pitaler
Sima response:

The metals in water will be run as follows:
GFAA- Cd {(PQL=0.001 mg/l), As (0.01), Sb (0.02), Be (0.005)
ICP- Pb (0.005), Ag, Ba, Be, Ni, V, Zn

All metals in soil, with the exception of Hg, will be run by ICP with
the following PQLs:

Pb (0.25 mg/kyg), ¢d (0.5), Ag (0.5}, Ba (0.5), As, (5), Sb (5), Be
(0.5), Ni (1), Se (5), Vv (1), Zn (1)

211 PAHg in water will be run by HPLC (SW8310) with the following
POLs:

Analvyte PQL, mg/l
Acenaphthene 0.005
Acenaphthylene 0.0025
Anthracene 0.0001
Benzo [a] anthracene 0.0001

Benzo [al pyrene 0.0002

Benzo [b] fluoranthene 0.0001

Benzo [g,h,ilperylene 0.0004

Benzo [kl fluoranthene 0.0001

Chrysena 0.0002
Dibenz ia,hlanthracene 0.0003

Fluoranthene 0.00025
Fluorene 0.0005
Indeno (1,2, 3cd]l pyrene 0.00025

Naphthalene 0.00Z5
Phenanthrene 0.0002

Pyrene 0.0005

A1l PAHs in soill will bhe yun by GC/MS (SWB270C) with the PQLs listed in
table 1-2 (or even lower PQLsS) . .

Acronyms.xls



Jan Pels To: Richard Spitaler <RSPITALER@mbakercorp.com=>

) cc: mmulligan@ci.gary.in.us (Mary Multigan)
08/22/02 10:53 AM ¢ piset: Re: QAPP for Gary Pilotld

Rick:

As per our brief discussion yesterday, | took a look at the QAPP, and the following issues still need
to he resoived.

- The Acronym List is not included in the copy | have. If you have this page handy, could you
FAX it over? Or email it?

- Regarding the list of analytes and PQLs: 1 am stili unclear about what methods are being
anticipated to be used for the metals. !t appears that some of the metals would be better suited
to a GFAA analysis versus the planned ICP method. When | reviewed Sima's method 60108,
which is referenced as the method for the metals (other than mercury), the PQLs that are in the
lab's SOP are not those referenced in Table 1-2. For example, lead is listed with 2 PQL of 0.003
mg/L in Table 1-2, but with an MDL of 0.020 mg/L in the Sima SOF for 6010B- the lab cannot
report a PQL lower than their MDL.  Since there is no apparent residential standard for lead, the
iab could probably do the analysis by ICP, but should use a PQL greater than their MDL.

Selenium has an MDL of 0.078 mg/L and a2 PQL of 0.1 mg/L in the Sima SOP,but the GW
residential Tier || Screening level is 0.05 mg/L, which is below the lab's MDL.  You will probably
need to request that the lab do this analysis by GFAA rather than by ICP.

Cadmium has an MDL of 0.002 mg/L and a PQL of 0.01 mg/L in the Sima SOP, but the GW
residential Tier Il Screening level is 0.005 mg/L, just a liitie more than double the MDL. This
could be done by ICP, but it could aiso be done with a lower detection limit by GFAA.

- Arsenic has an MDL of 0.026 mg/L and a PQL of 0.1 mg/L in the Sima SOP, but the GW
residential Tier I} Screening level is 0.05 mg/L and a PQL in Table 1-2 of 0.01 mg/L. The iab
cannot have a PQL lower than their MDL. You might want to request that arsenic be anaiyzed by
GFAA.

It might be helpfu! to have a conversation all together with the lab, so that we're ali on the same
page as far as what analytes are required, what detection limits/meathods are appropriate, and to
get the issue documented correctly in the QAPP.

Also, we need to have the lab's MDL and PQL for the soil samples for the metals analysis in order
to understand whether the methods can maet the State Tier Il screening levels for residential
50ils.

Once we know what methods are appropriate, we can determine whether we have all of the
methods in the QAFP,

Please call o discuss this when you have a minute.
Thanks!

Jan
{3123 886-3009



Richard Spitaler To: Jan Pels/Rb/USEPA/US@EPA
<RSPITALER@mbake cc: mmuiligan@ci.gary.in.us
rcorp.com> Subject: Re: QAPP for Gary Pilot

08/22/02 07:19 PM

Jan:

Thanks for your assgistance. In response to your e-mail, I have
attached a copy of the Acronyms list for the QAPP.

In addition, I had previocusly contacted Jeff Lowe of Sima Labs to
answer the guestions vyou had raised in your previous voice maill.

T believe your concerns are addressed in his response presented below (
note these changes are being incorporated in Table 1-2):

Pleasge let me know if these answers are sufficient, they will then be
finalized and copiles sent to you. Please let me know if you still wish
te set up a conference call with Sima to resclve any gquestiocons you may
still have.

Sincerely, Rick Spitaler
Sima respense:

The metals in water will be run as follows:
GFAA- Cd (PQL=0.001 mg/l), As (0.01), Sb (0.02), Se (0.005)
ICP- P (0.005), Ag, Ba, Be, Ni, V, Zn

All metals in soil, with the exception of Hg, will ke run by ICP with
the following PQLs:

Pb (0.25 mg/kg), €d (0.5), Ag (¢.5), Ba (0.5), As, (5), Sb (5), Be
(0.5), Ni (1), Se (5), v (1), Zn (1)

211 PARHs in water will be run by HPLC (SW8310) with the follewing
POLS :

Analyte PQL, mg/l
Acenaphthene 0.005
Acenaphthylene 0.0025
Anthracene 0.0001
Benzo[alanthracene 0.0001

Benzo [al pyrene 0.0002

Benzo [b]l flucranthene 0.0001

Benzo[g, h,ilperylene 0.0004

Benzo [k] flucranthene 0.0001

Chrysene 0.0002
Dibkenz [a, hl anthracens 0.0003

Fluoranthene 0.00025
Fluorene 0.0005
Indenc!ll,2,3cd] pyrene 0.00025

Naphthalene 0.0025
Phenanthrene 0.0002

Pyrene 0.0005

All PAHs in soil will be run by GC/MS (8W8270C) with the PQLs listed in
table 1-2 (cr even lower PQLs) .

Acronyms.xls



Jan Pels To: Richard Spitaler <RSPITALER@mbakercorp.com=

' ) cc: mmulligan@ci.gary.in.us (Mary Mulligan)
- 09/27/0204:38 PM Subject: Re: QAPP for Gary PitotE

Rick:

| got your voicemail. | think the only thing we're really waiting on is the lab SOP for GFAA
analysis of cadmium in water samples.

I think we can go ahead and get the signature page completed. Can you get the signatures on
your end and send me a completed page? If you want an original copy, please complete two
copies and send them along (or as many copies as you need). | will sign them and send you back
an original or a copy, depending oh what you need.

I consider this an approval on our end. The signature page should reflect that the QAPP/SAP is
approved before work is started, so please keep this in mind as you get this through the sign-off
process.

It just occurred to me that the cover page and signature page should be modified to reflect that
this is a combined "QAPP and Sampling Plan" ! So please title it as such.

Let's plan to talk next week, if you and Mary are available to briefly discuss the project scheduie.

Thanks!
Jan



& lJan Pels To: Richard Spitaler <RSPITALER@mbakercorp.com=

) cc:
09/12/02 03:40 PM Subject: Re: QAPP for Gary Pilot

Rick:

| did find that | do have a copy of the water prep SOP for GFAA metals. It's only the cadmium
GFAA SOP that | don't have. Sorry about that!

I have reviewed the tables that you emailed. Table 3-1 is still not clear as to what analytes are
being tested for. The table does not include PAHs at all....

Maybe we should discuss these finai comments so that we can get the QAPP finalized soon. What
does your schedule look like in terms of scheduling field work?

Thanks!
Jan



Richard Spitaler To: Jan Pels/R5/USEPA/US@EPA
<RSPITALER@mbake cec:

rcorp.com> Subject: Re: QAPP for Gary Pilot
09/14/02 07:17 PM

Jan

In response to your question, I realized table 3-1 included analysis

for polyaromatic hydrocarbons in the footnotes. I believe this is an
oversight on our part. Initially there had been discussion to include
PRHs as well as other analytes in the J-Pit investigation but it was
decided to limit the initial list. It was felt that most potential
sources for PAHs would also include SVOC constituents and therefore were
net included in initial as part of the initial analytes in order to
limit the costs.

In addition, this agrees with what is stated in the text of the SAP and
is also consistent the City of Garys agreement under the voluntary
remediaticn program with the state. {An updated table is attached).

In terms of Baker beginning field work, it is my beleif that we would
be able to procsed with the geoprobe portion of the investigaticn within
a couple weeks after recieving approval on the QAPP. I will need to
confirm this with the office manager.

Jan if you would like for me to give you a call please let me know what
works in you schedule this week.

Thanks
Rick Spitaler

[

samples 3-1.x
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 Jan Pels To: Richard Spitaler <RSPITALER@mbakercorp.com>

; _ e '
'09/12/02 01:36 PM Subject: Re: QAPP for Gary Piiot[]

Rick:

The SOPs that are referenced as 'attached here', for metals prep and cadmium analysis are not
attached. Could you send these? !I'm leoking at the tables and wiil get back with you on those.
The discussion about the detection limits for soils is fine.

Thanks!
Jan
Richard Spitaler <RSPITALER@mbakercorp.com:

Richard Spitaler To: Jan Pels/Rh/USEPA/US@EPA
<RSPITALER@mbake ce
rcorp.com: Subject: Re: QAPP for Gary Pilot

09/11/02 08:53 FM



To: Richard Spitaler <RSPITALER@mbakercorp.com>
ce: mmuiligan@ci.gary.in.us
Subject: Re: QAPP for Gary PilotH

Rick:

Thanks for the repiy!

Regarding the analyses for the metals, I'm still not clear about what list of metals you'il be iocking .
for. The sampling plan (Takle 3-2) identifies the 8 RCRA metals (As, Ba, Cd, Cr, Pb, Hg, S and . }j\ﬁ"
Ag); however, the reply below includes some additicnal metals (such as Sh, Ni, V and Zn). The “k“‘
metais list needs to be resoived and corrected such that it's clear what will be analyzed for.

Based on the reply below, we are still missing the 1) lab SOPs for the GFAA sample prep for water -. gﬁ\'b(»"\\‘f
water samples, and the 2) lab SOP for GFAA of Cd in waters.

Table 3-1 of the sampling plan needs to reflect that the list of PAHs below will be analyzed for by
Method 8270 in soils, and by Method 8310 for waters.

You may want {o itemize the list of anaiytes that are required and attach this list to the sampling
pian , similar to what you have beiow. You may want to do the same for the VOC compcunds, so
that it's clear whether you're going to look for the entire list of VOCs in Table 1-2 or some sub-set.

S

f think this is it! Please call or reply if you think we need to discuss this!

Does the lab have a iist of soil MDLs for the metals?

Thanks for all of your work on this QAPP.
Jan

Richard Spitaler <RSPITALER@mbakercorp.com=>

Richard Spitaler To: Jan Pels/Rb/USEPA/US@EPA
<RSPITALER@mbake cc: mmulligan@ci.gary.in.us
rcorp.com= Subject: Re: QAPP for Gary Pilot

08/22/0207:19PM



Jan:

Thanks for your assistance. In response to your e-mail, I have
attached a copy of the Acronyms list for the QAPP.

In addition, T had previously contacted Jeff Lowe of Sima Labs to
answer the questions you had raised in your previous voice mail.

I believe your concernsg are addressed in his response pregented below (
note these changes are being incorporated in Takle 1-2):

Please let me know 1f these answers are sufficient, they will then be
finalized and copies sent to you. Pleage let me know if you gtill wish
to set up a conference call with Sime to resolve any questions you may
still have.

Sincerely, Rick Spitaler
Sima response:

The metals in water will be run ag follows:
GFARA- cd (PQL=0.001 mg/l), As (0.01), Sk (0.02), Se {(0.005)
ICPE- Pk (0.005), Ag, Ba, Be, Ni, V, Zn

A1l metals in scil, with the exception of Hg, will be run by ICP with
the following PQLSs:

Pb {0.25 mg/kg), cd (0.5), Ag (0.5), Ba (0.5), A, (5), Sb (5), Be
(0.5), Wi (1), 8e (5}, V (1), Zn (1)

All PAHs in water will be run by HPLC (SW8310) with the following
PQLS: .

Analvyte PQL, mg/1
Acenaphthene 0.005
Acenaphthylene 0.0025
Anthracene 0.0001
Benzo [al anthracene 0.0001

Benzc [a]l pyrene 0.0002

Benzo [b] flucranthene .0001

Benzo [g, h, ilperylene .0004

Benzo [k] fluoranthene 0.0001

Chryesene 0.0002
Dikencz [a,h] anthracene 0.0003

Fluoranthene 0.00025
Fluorene 0.0005
Indeno[1,2,3cdlpyrene 0.00025

Naphthalene 0.0025
Phenanthrene 0.0002

Pyrene 0.0005

o Q

ALl PAHs in soil will be run by GC/MS (SW8270C) with the PQOLs listed in
table 1-2 (or esven lower PQLs) .

Acronyms.xls



Richard Spitaler To: Jan Pels/R5/USEPA/US@EPA
<RSPITALER@mbake ce
rcorp.coms> Subject: Re: QAPP for Gary Pilot

09/11/02 08:53 PM



STATE OF ILLINOIS
ENVIRONMENTAL PROTECTION AGENCY

ENVIRONMENTAL LABORATORY ACCREDITATION

is hereby granted to

SIMALABS INTERNATIONAL - MERRILLVILLE
250 WEST 84TH DRIVE
MERRILLVILLE, IN 46410
ACCREDITATION NUMBER #100435

AN ACCO,&?

<

Q\’\
.
sl
L&)
(]
=

According to the lllinois Administrative Code, Title 35, Subtitle A, Chapter i, Part 186, ACCREDITATION OF
LABORATORIES FOR DRINKING WATER, WASTEWATER AND HAZARDOUS WASTES ANALYSIS, the State of
Itinois formally recognizes that this laboratory is technically competent to perform the envirenmental analyses listed on the
scope of accreditation detailed below.

The laboratory agrees to perform all analyses listed on this scope of accreditation according to the Part 186 requirements
and acknowledges that continued accreditation is dependent on successful ongoing compliance with the applicable
requirements of Part 186. Please contact the Iliinois EPA Environmental Laboratory Accreditation Program (iL ELAP) to
verify the laboratory's scope of accreditation and accreditation status. Accreditation by the State of lifinois is not an
endorsement or a guarantee of validity of the data generated by the laboratory.

U

Janet Cruse

Certificate No.: 000620 : Accreditation Officer
Expiration Date: 01/30/2003 Environmental Laboratory Accreditation Program
[ssued On: 06/28/2002
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State of lllinois Certificate No.: 000620

Environmental Protection Agency
Awards the Certificate of Approval
SIMALABS International - Merrillville

250 West 84th Drive
Merrillville, IN 46410

According to the lllinois Administrative Code, Title 35, Subtitle A, Chapter I[, Part 186, ACCREDITATION OF LABORATORIES FOR DRINKING
WATER, WASTEWATER AND HAZARDOUS WASTES ANALYSIS, the State of lilinois formally recognizes that this laboratory is technically
competent to perform the environmental analyses listed on the scope of accreditation detalled below.

The laboeratory agrees te perform alt analyses listed cn this scope of accreditation according to the Part 186 requiremenis and acknowiedges
that continued accreditation is dependent on successful angoing compliance with the applicable requirements of Part 186. Please contact the
{linais EPA Environmental Labaratory Accreditation Program (1L ELAP) te verify the laboratory's scope of accreditation and acereditation
status. Accreditation by the State of lilinais is not an endersement or a guarantee of validity of the data generated by the Iaboratory.

Hazardous and Solid Waste, incrganic

1010

tgnitability

1311

TCLP (Crganic and inorganic)

1312

Synthetic Precipitation Leaching Procedure

607108

Ajuminum Antimony Arsenic
Barium Beryllium Cadmium
Calcium Chramium Cobalt
Copper - Iron Lead
Magnesium Manganese Melybdenum
Nicke! Pctassium Selenium
Silver Sodium Strontiurm
Thallim Vanadium Zing

70804

Arsenic

7131A
Cadmium

7421
Lead

7470A
Mercury

7471A
Mercury

7741A
Selenium

7841
Thallium

9012A
Cyanide

90308
Sulfides

9034
Sulfides
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State of Hiinois Certificate No.: 000620
Environmental Protection Agency
Awards the Certificate of Approval
SIMALABS international - Merrillville
250 West 84th Drive
Metrillville, IN 46410
Hazardous and Solid Waste, Inorganic 9041A !
Hydrogen lon (pH)
045C
Hydrogen lon (pH)
9066
Phenolics
Hazardous and Solid Waste, Organic
8081A
1,2-Dibromo-3-chicropropane (DBCP) 4 4'-DDD 4,4-DDE
4£4-DDT alpha-BHC alpha-Chiordane
beta-BHC Chlordane - not otherwise specified del{z-BHC
Dieidrin Endosulfan | Endosuifan 1i
Endeosulfan sulfate Endrin Endrin aidehyde
Endrin ketone gamma-BHC (Lindane) Heptachior
Heptachior epoxide Methoxychior Texaphene
8082
PCB-1016 PCB-1221 PCB-1232
PCB-1242 PCB-1248 PCB-1254
PCB-1260
52608

1,1,1,2-Tetrachlorcethane 1,1,1-Trichioroethane

1.1, 2-Trichloroethane 1,1-Dichleroethane
1,1-Dichioropropene 1.2,3-Trichlorebenzene
1,2-Dibremo-3-chleropropane (DBCP)

1,2-Dichioroethane

1,2,4-Trimethytbenzene
1,2-Dichiorobenzene
1,3,5-Trimethylbenzene 1,3-Dichlorobenzensa

2-Butanene (Methyl ethyl ketone, MEK)
2-Nitroprepane

4-Methyl-Z-pentancne (Methyl isobutyl ketone, | Acetone

Acrelein (Propenal)

1.4-Dichiorobenzene
2-Hexanone

Acrytonitrile
Bromcbenzene Bromodichioromethane
Bromomethane Carben disulfide
Chlorobenzene

Chioroform Chioromethane

cis-1,3-Dichlcropropene Dichigromethane (Methylene chicride)

Ethylhenzene isopropylbenzene
m-Xylene Naphthaiene
n-Butylbenzene o-Xylene
sec-Butylbenzene Styrene
Tetrachicroethene Toluene

trans-1,3-Dichloropropene Trichicroethene
Vinyl acetate
8270C

1,2 4-Trichlorobenzene

Vinyl chleride

1,2-Dichlorobenzene

1,3-Dichlorobenzens 1.4-Dichlercbenzene

Chiorodibromoemethane (Dibremochloremathan

1,1.2,2-Tetrachioroethane
1.1-Dichicroethene
1,2,4-Trichlorobenzene
1,2-Dibromoethane (EDB)
1,2-Dichioropropane
1,3-Dichloropropane
2-Chioroethyl vinyl ether
Z2-Pentanone

Acetonitrile

Benzene

Bromaoform

Carbon tetrachloride
Chioreethane
cis-1,2-Dichinroethene
Ethyl acetate
Methyl-t-butyl ether
n-Butanol

p-Xylene
tert-Butylbenzene
frans-1,2-Dichioroethene
Trichlorefluoromethane

1,2-Ciphenylhydrazine
2.4 5-Trichiorophenal
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State of lllinois Certificate No.: 000620

Environmental Protection Agency
Awards the Certificate of Approval

SIMALABS International - Mermiliville

250 West 84th Drive
Merrillville, IN 46410

Hazardous and Sofid Waste, Organic
2.,4-Dichlorophenol
2. 4-Dinitrotoluene (2,.4-DNT)
2-Chlaronaphthalene
2-Methylphenol
3,3"-Dichlarobenzidine
4-Bromophenyl phenyl ether
4-Chlaraphenyl phenyl ether
Acenaphthene
Aniline
Benzo(a)anthracene
Benzo(g,h.i)perlyene
Benzyl alcahal
Bis(2-chloroisapropyl) ether
Chrysene
Diethyl phthalate
Di-n-octyl phthaiate
Hexachlorabenzene
Hexachioroethane
m-Cresol (3-Methyiphenal)
N-Nitrosadimethylamine
p-Cresol (4-Methylphenal)
Phenal
8310
Acenaphthene
Benzo(a)anthracene
Benzo(g,h,i)peryiene
Dibenza(za,h)anthracene
indena(1,2,3-cd) pyrene
Pyrene
Wastewater, Inorganic
SM2510B,18Ed
Specific Conductance
SM3500Cr-D, 18Ed
Chromium VI
SM4500CL-B,18Ed
Chiaride
SM4500CN-CE18Ed
Cyanide
SM4500CN-CG18Ed
Cyanide-amenabie to chiorination
SM45000-C, 18Ed
Oxygen - Dissalved
SM52108B, 18Fd
Biachemical Oxygen Demand (BOD)

8z270C '

2 4-Dimethyiphenal
2,6-Dichlorophenol
2-Chlaraphenaol
2-Nitraaniline
3-Nifroaniline
4-Chlara-3-methyiphenal
4-Nitroaniline
Acenaphthylene
Anthracene
Benzo(a)pyrene
Benzo(k)fluoranthene
Bis(2-chloroethoxy) methane
Bis(2-ethylhexyl) phthalate
Dibenzo(a,h)anthracene
Dimethyl phthzalate
Flugranthene
Hexachiorobutadiene
Indeno(1,2,3-cd) pyrene
Naphthalene
N-Nitrosadi-n-propylamine
Pentachioraphenal

Pyrene

Acenzaphthylene
Benzo(za)pyrene
Benzo(k)fluoranthene
Fiucranthene
Naphthalene

Carboneaus Biochemical Oxygen Demand (CB.

2.4 ,6-Trichloraphenal

2 4-Dinitrophenal

2 6-Dinitrotoluene (2,6-DNT)
2-Methylnaphthaiene
2-Nitrophenat
4,6-Dinitro-2-methyiphenal
4-Chloroaniline
4-Nitrophenol
Acetophenone

Benzidine
Benzao(b)fluaranthens
Benzaic acid
Bis(2-chlaraethyl) ether
Butyl benzy! phthalate
Dibenzofuran

Di-n-butyl phthalaie
Fluorene
Hexachlorocyclopentadiene
Isophorone

Nitrabenzene
N-Nitrosodiphenylamine
Phenanthrens

Pyridine

Anthracene
Benzo(b)fluoranthene
Chrysene

Fluorene
Phenanthiene
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State of lllinois

Environmental Protection Agency
Awards the Certificate of Approval
SIMALABS International - Merriltville

250 West 84th Drive
Merrillville, IN 46410

Certificate No.:

000620

Wastewater, Inorganic USEPATTO.2

Coler

USEPAT130.2
Hardness

USEPAT50.1
Hydrogen lon {pH)

USEPA166.1
Residue (TDS)

USEPAT160.2
Residue (TSS)

USEPAT60.3
Residue (Total)

USEPAT60.4
Residue (Volatile)

USEPATE64RA
Qil and Grease

USEPATT70.1

Temperature

USEPA200.7
Aluminum Antimony
Barium Beryllium
Cadmium Calcium
Cobalt Copper
Lead Magnesium
Melybdenum Nickel
Selenium Silica
Sodium Thallium
Vanadium Zinc
USEPA206.2
Arsenic

USEPA213.2
Cadmium

USEPAZ239.2
Lead

USEPA245.1
Mercury

USEPAZ70.2
Selenium

USEPA279.2
Thallium

USEPA310.1
Alkalinity

USEPA330.5

Arsenic
Boron
Chromium
Iren
Manganese
Potassium
Silver

Tin
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State of lllinois

Environmental Protection Agency

Awards the Certificate of Approval
SIMALABS International - Merrillville

250 West 84tih Drive
Merrillville, IN 46410

Certificate No.:

000620

Wasfewater, Inorganic

USEPA335.2
Cyanide
USEPA340.2
Fluoride
USEPA350.1
Ammoria
USEPA350.2
Ammonia
USEPA351.3

Total Kjeldahi Nitrogen
USEPA353.2
Nitrate-Nitrite (sum}
USEPA354.1

Nitrite

USEPA365.1
Orthophosphate (as P)
USEPA365.3
Phosphorus
USEPA375.4

Sulfate
USEPA405.1

Biochemical Oxygen Demand (BDD)

USEPA410.4

Chemical Oxygen Demand (COD)

USEPA420.2
Phernolics

Wastewater, Organic

USEPABOS
4,4-DDD
Aldrin
Chicrdane
Endasulfan |
Endrin
Heptachior
PCB-1221
PCB-1248
Toxaphene
USEPAETO
Acenaphthene
Benzo(ajanthracene
Benzo(g,h.i)perylene
Dibenzo(a,h)anthracene

USEPA330.5

4,4'-DDE
alpha-BHC
deita-BHC
Endosulfan it
Endrin aldehyde
Heptachior epoxide
PCB-1232
PCB-1254

Acenaphthylene
Benzo(a)pyrene
Benzo(k)fluoranthene
Fluoranthene

Chiorine

4.4-DDT

beta-BHC

Dieldrin

Endosulfan sulfate
gamma-BHC (Lindane)
PCB-1016

PCB-1242

PCB-1260

Anthracene
Benzo(b)fivoranthene
Chrysene

Flugrene
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Stafe of Hllinois Certificate No.: 000620

Environmental Protection Agency
Awards the Certificate of Approval

SIMALABS International - Merrillville

250 West 84th Drive
Merrillville, IN 46410

Wastewafer, Organic
Naphthalene
USEPAG24
1,1,1-Trichloroethane
1,1-Dichloroethane
1,2-Dichioroethane
1,4-Dichlorobenzene
Benzene
Bromomethane
Chioroethane
cis-1,3-Dichloropropene
Ethythenzene
trans-1,2-Dichloroethene
Trichlorofluoromethane

UUSEPAB2S
1,2 4-Trichlorobenzene
1.4-Dichlorobenzene
2,4-Dimethytphenol
2-Chloronaphthalene
3,3"-Dichlorobenzidine
4-Chlorgphenyl phenyl ether
Acenaphthytene
Benze(a)anthracene
Benzo(g,h,i}perylene
Bis(2-chloroethoxy} methane
Chrysene
Dimethyl phthalate
Fluoranthene
Hexachlorobutadiene
Indena(1,2,3-cd) pyrene
Nitrobenzene
N-Nitrosodiphenylamine
FPheno!

USEPAGT0 !

Phenanthrene

1,1,2,2-Tetrachloroethane
1,1-Dichioroethene
1.2-Dichloropropane
2-Chlorcethylvinyl ether
Bromedichloremethane
Carbon tetrachloride
Chlorofarm
Dibromochieromethane
Tetrachloroethene
trans-1,3-Dichioropropene
Vinyl chloride

1,2-Dichtorobenzene
2.,4,6-Trichioraphenol

2 4-Dinitrotoluene (2,4-DNT}
2-Chloraphenof
4-Bromophenyt phenyl ether
4-Nitropheng!

Anthracene

Benzo(a)pyrene
Benzo(k}fiuoranthene
Bis(2-chioroethy!) ether
Dibenzo(a,h)anthracene
Di-n-butyl phthalate
Flugrene
Hexachlorocyclopentadiene
tsophorone
N-Nitrosodimethylamine
Pentachlorophenol

Pyrene

indeno(1,2,3-cd} pyrene

Pyrene

1,1,2-Trichloroethane
1,2-Dichlorobenzene
1.3-Dichlorcbenzene
Acrylonitrile
Bromoform
Chlorobenzene
Chlgromethane

Dichloromethane (Methylene chloride}

Toluene
Trichloroethene

1,3-Dichlorobenzene
2.4-Dichiorophenal
2.6-Dinitrotoluene (2,6-DNT)
2-Nitrophenot
4-Chloro-3-methylphenal
Acenaphthene

Benzidine
Benzo{bjfluoranthene
Benzyl butyl phthalate
Bis(2-ethylhexyl} phthalate
Diethyl phihalate
Di-r-octyl phthalate
Hexachtorcbenzene
Hexachloroethane
Naphthalene
N-Nitrosodi-n-propylamine
Phenanthrene
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SIMALABS International
Data Review Checklist — Metals

Run ID: Analyst:
1% Level Technical Review

Review Element Evaluation * Comments (use this space as needed)
Calibration curve acceptance OYes ONo ONA

criteria met? '

ICV acceptance criteria met? OYes ONo O NA

ICB acceptance criteria met? OYes 0ONo TNA

ICS acceptance criteria met? OYes 0ONo TONA

CCV acceptance criteria met? OYes 0ONo ONA

CCB acceptance criteria met? OYes {JNo [ONA

MB acceptance criteria met? OYes ONo ONA

LCS acceptance criteria met? [0Yes 0ONo O NA

MS&/MSD acceptance criteria met? OYes ONo ONA

PDS acceptance criteria met? OYes ONo- DNA

Analyses checked for carryover OYes ONo ONA

confamination?

* Evaluations are applicable to target analytes only. Any “No” answer requires a Comment and the initiation of a Corrective
Action Report {CAR) if the data is to be used.

Data evaluated as “No” can be reported without a Case Narrative if any of the following apply (but a CAR s still required).

« The control is biased high bias yet the anaiyte is “non-detectable” in the sample.
»  Blank contamination yet the analyte measured in the sample is “non-detectable” or > 10X the blank contamination.
« Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added.

Data evaluated as “No“ may be reported if any of the following apply, however a CAR and Case Narrative are required. Case
Narratives are generated by the QA department prior to data validation in the LIMS.

+  Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the
QAP.

» Insufficient sample, holding time, or turnaround time available for reanalysis.
« Data meets the needs of the dlient {(as per Project Manager).

! certify that the above assessment has been performed and the analyses were performed according to the operating
conditions and procedures contained in the current version of the Standard Operaling Procedure.

Initials: Date:

2" { evel Technical Review

Above assessment accurate OYes ONo
Data accurate in LIMS f1Yes 0ONo
If “No’, list unacceptable evaluation(s):

LIMS QA Validation performed O Entire Run O Partiat Run [0 No samples validated
Initials: Date:







SIMALABS International
Data Review Checklist — Wet Chemistry

Run ID: Analyte: Analyst:
1*' Level Technical Review

Review Element Evaluation * Comments (use this space as needed)
Calibration curve acceptance OYes {INo ONA

criteria met? ,

ICV acceptance criteria met? OYes 0ONo ONA

{CB acceptance criteria met? OYes ONo  ONA

CCV acceptance criteria met? OYes [ONo  [INA

CCB acceptance criteria met? OYes 0ONo JNA

MB acceptance criteria met? OYes ONo  ONA

LCS acceptance criteria met? OYes [ONo  [ONA

MS/MSD accuracy criteria met? OYes [ONo ONA

MSD 7 DUP precision criteria OYes ©ONo DONA

met?

PDS accepiance criteria met? OYes 0ONo ONA

Analyses checked for carryover OYes 0ONo [ONA

centamination?

* Evaluations are applicable to targat analytes only. Any “No” answer requires a Comment and the initiation of a Corrective
Action Report {CAR) if the data is fo be used.

Data evaluated as “No”" can be reported without a Case Narrafive if any of the following apply (but a CAR is still required).

¢« The control is biased high bias yet the analyte is “non-detectable” in the sample.
»  Blank contamination yet the analyte measured in the sample is "non-detectable” or > 10X the blank contamination.
» Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added.

Data evaluated as “No” may be reported if any of the following apply, however a CAR and Case Narrative are required. Case
Narratives are generated by the QA department prior to data validation in the LIMS.

« Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the
QAP.

+ Insufficient sample, holding time, or turnaround time available for reanalysis.
+ Data meets the needs of the client (as per Project Manager).

I certify that the above assessment has been performed and the analyses were performed according to the operating
condifions and procadures contained in the current version of the Standard Operaling Procedure.

Initials: Date:

2™ 1 evel Technical Review

Above assessment accurate OYes [ONo
Data accurate in LIMS OYes [No
[f “No’, list unacceptable evaluation(s):

LIMS QA Validation performed 0 Entire Run 0 Partial Run 0 No samples validated
Initiais: Date:







SIMALABS International
Data Review Checklist — GC

Run {D: Analyst:
1% Level Technical Review

Review Element Evaluation * Comments (use this space as needed)
Calibration curve acceptance OYes ONo ONA

criferia met? )

Endrin/DDT breakdown criteria ODYes DONo  ONA

met? (Pesficide analyses only)

ICV acceptance criteria met? OYes ONo NA

CCV acceptance criteria met? OYes [No ONA

MB acceptance criteria met? OYes [ONo [ONA

LCS acceptance criteria met? OYes [ONo ONA

MS/MSD acceptance criteria met? OYes (ONo 0 NA

SURR acceptance criteria met? ODYes ©iNo [ONA

Analyses checked for carryover ODYes [ONo ONA

confamination?

Acceptable confirmation OYes [ONo DONA
performed on 2™ column?

Manual integrations appropriately OYes [ONo ONA
performed and identified?

* Evaluations are applicable to target analytes only. Any “No“ answer requires a Comment and the initiation of a Corrective
Action Report (CAR) if the data is to be used.

Data evaluated as “No" can be reported without a Case Narrative if any of the following apply (but a CAR is still required).

e The controi is biased high bias yet the analyte is “non-detectable® in the sample.
» Blank contamination yet the analyte measured in the sample is “non-detectable” or > 10X the blank contamination.
« Unacceptable MS/MSD recovery bui the sample concentration is > 5X the concentration of the spike added.

Daita evaluated as “No” may be reported if any of the following apply, however a CAR and Case Narrative are required. Case
Narratives are generated by the QA department priot to data validation in the LIMS.

» Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the
QAP,

« Insufficient sample, holding time, or turnaround time available for reanalysis.

« Data meets the needs of the client {as per Project Manager).

[ certify that the above assessment has been performed and the analyses were performed according to the operating
conditions and procedures contained in the current version of the Standard Operating Procedure.

initials: Date:

2" Level Technical Review ,

Above assessment accurate OYes ONo
Data accurate in LIMS OYes [No
If “No’, list unacceptable evaluation(s):

LIMS QA Validation performed [ Entire Run 0 Partial Run [0 No samples validated
Initials: Date:







SIMALABS International
Data Review Checklist — GC/MS

Run 1D; Analyst:
1™ Level Technical Review

Review Element Evaluation * Comments (use this space as needed)
Calibration curve acceptance OYes [ONo  ONA

criteria met? .

Tune criteria met? OYes ONo  DONA

ICV acceptance criteria met? OYes [ONo ONA

CCV acceptance criteria met? DYes [ONo [ONA

MB acceptance criteria met? OYes ONo  [ONA

LCS acceptance criteria met? OYes 0ONo [ONA

MS/MSD acceptance criteria met? OYes [ONo ONA

[STD acceptance criteria met? OYes 0ONo [ONA

SURR acceptance criteria met? OYes ONo O NA

Analyses checked for carryover OYes [ONo ONA

contamination?

Manual integrations appropriately OYes ONo ONA

performed and identified?

* Evaluations are applicable fo target analytes only. Any “No” answer requires a Comment and the initiation of a Corrective
Action Report (CAR) if the data is to be used.

Data evaluated as “No” can be reported without a Case Narrative if any of the following apply (but a CAR is still required).

« The control is biased high bias yet the analyte is “non-detectable” in the sample.
« Blank contamination yet the analyte measured in the sample is “non-detectable” or > 10X the blank contamination.
e Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added.

Data evaluated as “No” may be reported if any of the following apply, however a CAR and Case Narrative are required. Case
Narratives are generated by the QA department prior to data validation in the LIMS.

¢ Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the
QAP.

« Insufficient sample, holding time, or turnaround time available for reanalysis.
« Data meets the needs of the client (as per Project Manager).

{ certify that the above assessment has been performed and the analyses were performed according to the operating
conditions and procedures contained in the current version of the Standard Operating Procedure.

[nitials: Date:

2" Level Technical Review

Above assessment accurate OYes ONo
Data accurate in LIMS . OYes [ONo
If “No’, list unacceptable evaluation(s):

LIMS QA Validation performed 0 Entire Run 0 Partial Run 0 No samples validated
initials: Dale:







SIMALABS International
Data Review Checkiist - HPLC

Run iD: Analyst:

1% Level Technical Review

Review Element Evaluation * Comments {usé this space as needed)
Calibration curve acceptance OYes ©ONo ONA

criteria met? ;

ICV acceptance criteria met? OYes ONo O NA
CCV acceptance criteria met? OYes ONo  TONA
MB acceptance criteria met? OYes ONo  [ONA
LCS acceptance criteria met? FYes ONo O NA
MS/MSD acceptance criteria met? OYes {ONo ONA
SURR acceptance criteria met? OYes 0ONo  [ONA
Analyses checked for carryover OYes 0ONo ONA

contamination?

Manual integrations appropriately OYes ONo ONA
perfarmed and identified?

* Evaluations are applicable to target analytes only. Any “No”™ answer requires a Comment and the initiation of a Corrective
Action Report (CAR) if the data is to be used.

Data evaluated as “No” can be reported witheut a Case Narrative if any of the following apply (but a CAR is still required).

+ The control is biased high bias yet the analyte is “non-detectable” in the sample.
« Blank contamination yet the analyie measured in the sample is “non-detectable” or > 10X the blank contamination.
+ Unacceptable MS/MSD recovery but the sample concentration is > 5X the concentration of the spike added.

Data evaluated as “No” may be reported if any of the following apply, however a CAR and Case Narrative are required. Case
Narrafives are generated by the QA department prior to data validation in the LIMS.

s  Unacceptable MS/MSD recoveries handled in accordance with the MS/MSD Corrective Action Flowchart included in the
QAP.

« Insufficient sampie, hoiding time, or turnaraund time available for reanalysis.
« Data meets the needs of the client (as per Project Manager).

I cerlify that the above assessment has been performed and the analyses were performed according 1o the operating
condifions and procedures contained in the current version of the Standard Operaling Procedure.

Initials: Date:

2™ | evel Technical Review

Above assessment accurate OYes ONo
Data accurate in LIMS dYes U0ONo
If “No’, list unacceptable evaluation(s):

LIMS QA Vaiidation performed 0 Entire Run O Partial Run {0 No samples validated
Initials: Date:







Table3-1

ary Table of Sampling Analysis Program

LOCATION

SOIL/SEDIMENT |

SURFACE WATER/GROUNDWATER

Volatile Organic Compounds (VOCs) analyzed via USEPA SW-848 Method 8260B.

Semi-Volatile Organic Compounds (SVOCs) analyzed via USEPA SW-846 Method 8270A.
Polyaromatic Hydrocarbans (PAHs) analyzed via Method 8270A in soils and by Method 8310 in water.
Metals (As, Ba, Cd, Cr, Pb, Se, and Ag) are analyzed via USEPA SW-846 Method 6010.

Hg is analyzed via USEPA Method SW-846 method 747 1a for solid and 7470a for aqueous.

METALS COMPOUNDS (VOCs) COMPOUNDS (SVOCs) METALS COMPOUNDS (VOCs) '~ COMPOUNDS (SVOCs)

Date Prepared: 4/12/02

Section 1~ 2 7 1 4 4 4
Section 2 2 8 3 4 4 4
Section 3 2 8 8 4 4 4
Section 4 2 7 T 2 L2 2
I-Pit Section 5 8 16 16 3 & 8
Discretionary 2 2 2 4 4 o 4
QA/QC 3 9 ? e 3 5
Total % 57 57 31 31 31
NOTE:




Constituent

Subsurface Soil (1) Nonresidential

Groundwater{2) Nonresidential

i
" Screening POLE)Y Accuracy 4y Precision (4) | Screening PQL(3) Accuracy (33 Precision (5)
e e T g g =B
{mg/kg) {(mg/kg) Yo Y (mg/l) (mg/) % 9% ‘ Yo

naplithalene 10,660.00 | 0.66] NA NA 4088 0.01 | NA NA NA

écenaphthy]enc NA 06_6 iﬂNiAi NA NA 0.0 NA NA i NA -
acenaphtnenc 10,000.00 0.66 a1 78.8 5.132 0.01 286 ggo 413 T
fluorene T "110,000.00 0.66 NA TTNATTT 4.088 0.01 NAT T INAC NA

phenanthrens NA 0.66 NA T NA~ NA lo.o1 NA NA I NA T
| anthracene 1000006 066 NA NA 3066 0.01 [ NA [ NA “NA

|fluoranthene 10,000.00 0.66 NA NA 08176 |o.o1 INA T NA ;NA

pyrene 10,000.00 0.66 262 87.8 3.066 6.01 253 103 377

| benzo{a)anthrzcene™ 10388 |0.66 NA NA Tt 0.01 NA NA. NA

chrysene® 710,000.00 0.66 NA 'NA 0.3918 601 NA NA WA
benzo(b)fiucanthene™ 354.98 0.66 NA NA 0.01 St NA NA NA T
- [benzo(Nuorznthene® 3,759.12 0.66 I NA NA 0.01 NA NA NAT T
benzo(ajpyrene 6985 |06 NA NA~ 0.01 NA INa NA
Vindeno(1,2,3-cd)pyrene” 629.17 0.46 NA NA oot NA INA - 'NA
dibenzo(a,hjanthracene® 69.80 066 INA NA 001 0.01 NA NA' CNA
benzo(g,i)perylene NA 66 'NA NA NA 0.01 NA TNAC NA
3,3"dichforobenzidie hzse T A NA NA 10.62 0.02 'NA NA NA

| n-nitreso-di-n-propylamine (XTI 0.65 30.7 90 001 7 0.01 15.9 BIAC 42.7

| Dis(2-chloroisopropyl)ether 132 0.66 NA T NA 0.G409 Tl0.01 NA NA INA

4-chioroaniine ' 1,117.69 N NA 0.4088 Cnaz NA NA NA

| 2-chicronaphthalene 10600.00°  [0.66 NA TN 8.176 0.01 NA NA NA
|2,4-dinitotoluene 35.07 0.66 286 120 Cltzs 0.2044 001 23.5 954 7 lass -
[hexachlorobutadiene 2118 0.66 INET NA TINA 0.0367 0.01 N

| hexachloroethane 331 0.66 NA TNA NA 0.0204 0.07

isophorone 25603 |0.66 |NA"TTTTTTTTNA NA 30105 oot

henzyl alcohol 43575 N3 NA NA NA 3066 0.02

| bis(Z-chloreethyljether 0.66 T hes NA NA NA 001 0.01

initrobenzene | BRI 0.66 | NA Na  iNA Toosn Cloor

' 1,2-dichlorabenzene T16,000.00 0.66 TINA NA TTINATT “lo.198 Tlor

. 1,3-dichlorobenzene NA Tihes ' NA NA TNA NA "6

“L&-dichlorobenzene 34.67 0.66 278 73T B eaezr o gor T 97 ]
“1.2,4-wichiorobenzene 1,405.37 06 264 746 34.6 1022 7 001 44.8
?"h'e')'(achkoro‘benzeﬁé B 1G1.56 06T NA : NA 0.01 0.01 NA
Wé.;caci.ﬁm‘ocyclopentadiene 289 0.66 TNA I NA CNA 07154 001 T TNA TNA
%n:ﬁit.rosodiphenylamine o 567.8 066 T NA TNA T NA o }0.5837 X TNA




Constituent

Subsurface Soil (1) Nonresidential

Groundwater(2) Nonresidential

Screening  :  PQL(3) Ac'curacy {4) Precision (4) Screening ' PQL{3) . Accufa'éy'(S)' 1 Precision (5)
L UCL "RPD .3 LcL UCL RPD
(mg/kg) (mg/ks) % % % {mg1) (maf) ‘ % % %

‘benzoic acid 000000 33 | Na NA TNA 408.5 0.05 NA NA NA
| 2-nitroaniline R 33 NA NA NATTTT T lees T oos NA NA “INa
phencl 658.78 0.66 28.1 77 314 Cli2zes T T o0l T T aer 704
2 methylohenot 137503 0.66 NA NA INA 511 Yool T [ NA NA {NA
3 metnylphenoi I NA 0.66 NA NA NA NA ool INATCTTTT T NA CNA T
demethylphenol 427,24 0.66 “NA NA NA 511 o NA NA NA
2-chlorophencl 11.63 0.66 26 4 757 32 0511 0.01 213 813 2473
| 2,4-dichlorophenol 15.12 0.66 NA ‘NA INA~ Tp306e ool NA Na NA
2,4, 5-trichlorophenal 530744 w066 |[NA TNA T iNa 1022 10.01 NA TNa T NA
24 6-trichlorophenol 3065 T i06g NA NA NA 0.26 ‘o0t NA NA NA
pentachlorophenol 2495 3.3 5 Thoe 122 leosTTTTT Toos 5 114 292
| 2,4-Ginitrophenol 737 T 34 NA NA NA 62044 0.05 | NA NA NA

hylhexyl)phthalate 140625 oo T INA NA NAT 0.2043 0.01 NA NA NA
| butylhenzylphthalate 1606000 |o.66 NA NA NA 20.44 0.01 NA NA NA
di-n-butylphthalate T5,188.56 0.66 NA WA NA 2oss oo INA INA NA
dicthylphthalate B "}10,00'0.00 0.66 NA NA NA 81.76 ot NA INA NA
de methyl phthalate [10,000.00 0.66 NA NA NA 1022 0.01 NA NA NA
di-n-octyl phthalate 10,000.00° 0.66 Na T NA | Na 2.044 SToor NA NA NA
benzene 477 0005 B58 120 320 oosss j0.005 74.1 119 23.7
toluene 100000 0.005 801 |12 a7 2044 7 0.005 79.6 122 25.4




Constituent Subsurface Soil (1) Nonresidential Groundwater{2) Nonresidential

: Screening | "PQLE3) |  Accuracy (4) Precision (4) Screening ¢ PQL{3 Accuracy (5) Precision (5) ‘
5 | L TuctT | reD I £= S I ¢ P reD
 mgkg (ke | % % % (mg/} (mg/1) % % ‘ %
Uethy 1,000.00 0005 gdg 2o 1709 10.22 T T S TV 252
xylenes - B 1,000.6G Tooos T T !NA NA 2044 .005 INA 'NA NA
“vinyl chloride T 0.13 0.01 3 131 493 0.01 0.01 172 152 EF-
chloroethane — B 1,000.00 ot ThH2e T as TiNA T 0.01 5 347 293
'1,i-dichloroethylene B 0.03 0.005 2. 126 36.4 0007 003 56.6 dq24 P
‘1,1-dichlorocthane 711,000.00 0.005 3 e 247 022 0.005 64.3 124 142 T
1.7-Gichloroethylene (cis) 102.49 0.005 NA NA T Na 1022 0.005 NA NA NA T
1,2-dichloroethane - 0.37 0.005 70.7 139 T a2 10,0314 10.005 73.3 126 233 o
trichloroethylene 2573 0.005 R2.6 e 1353 Toze 0.003 0.7 127 269 o
1,1,1-trichioreethane 1,000.00 0.005 86.2 124 244 o798 0.005 Tl 129 29 )
| 1,1, 2-trichioroethane 1.05 0005 72 137 344 o050z G005 756 Clzz T s )
ft'en-zi'c'momethyléﬁ'é'" ) 801 0.005 80 I L 29.1 00561 0.005 77 139 29.7 o
1,1,1,2-tetrachloroethane as T 0.005 NA TNA INA 011 0.005 NA TNA NA T
1.1,2.2 tetrachioroethane Il "0.003 77 145 352 - 0.0143 0.005 548 144 273
chioroform ' ;:;_0.3"3 0005 85.3 4 22.1 03689 000s 1758 16 25 B
acelone 13629 0.1 NA NA NA 022 0.1 NA
4-methyl-2-pentanone 407.48 0.05 INA TINA NA 50177 008 NA o
methyl ethyl ketone 146.24 0.1 ‘NA ‘NA NA 5.11 0.1 iNA
Aldim 0.06 “To.003 E s R T R £ T “locooz 0.00004 150 -
‘gamma-BHC (Lindane) ;o.é’d Toooe 150 150 I 0022 0.00009 - 1'50
chiordane 451 0.009 |NA NA NA 0002 0.00014 NA |
DDD ) 48.34 0.007 |50 150 30 0.0119 00011 50
DDE o 80.49 0.503 5o 150 30 10.0084 00004 150
DDT ‘ 14183 Tlooog 150 56 30 “lo.0084 0.00012 Tisp” o
dieldrin - Tooe g.do1 D TTiso T 36 ooz 0.00002 150
endosulfan suifate 12 0.044 50 "0 30 00051 06066 50 -
endrn 1012 0.004 50 150 EET, 0.6061 0.00006 50
heptachlor loas T T 0002 50 s 30 G.0006  |0.00003 50
‘heptachlor epoxide ) loas 0.056 T so 150 0 T loooos T 0.00083 50
I PCBs (Aroclor 1016} 423 0044 517 133 B “o.0007 ¢:00065 207 )
lead TNA 03 “NA TNA NA TINA 0.003 80 -
cadmium 730 0.5 NA NA T UNA 00511 0003 &0 N
siver 730000 1 I NA NA TNATTT 0511 T e T 85
mercury 87.6 o0 “iNa na T TNA 0.0061 00002 T 8s
lehromiamvi 730000 "‘;T— “80 1207 The ' io.sﬁ" oo T 50 !




Constituent

ubsurface Soii (1) Nonresidential

Screening  PQLG) 1 Accaracy (4)
: LcL  ucL

mgkgy | (mgkg) Yo j e
chaoWW Togoooo 1 Ima |Na
| barium 10,600.00 20 Na T NAa
[arsenic Y3z - 1 TINA TINa
e e e i
[Deryllium . 1186 Tos T T TTNA NA
cyanide 10,000.00 0.125 NA NA
nickel 10,000.00 4 NA NA
selenium 7,300.00 0.5 NATT NA
vanadium 10,000.00 5 NA NA
zine ) 10,000.00 2 NA NA

Groundwatcr(i) Nonresidentizi

Precision (4) | Screeming | PQL(3) | Accuracy (5) - Precision (3)
|76 P §To P RPD
(mg/l) (mg/l) % % %
1022 oot Na ' NA NA
7.154 0.2 A BRE 20
0.05 0.01 80 120 120 )
006 o6 80 VY 20 ]
0,005 0.005 88 115 20 T
2.044 leor 90 10 20
2.044 0.04 85 IS 20
0511 0,005 80 120 e
o154 o5 8s 115 20
30.66 0.02 85 s 20

? nglita &uahty Objectives for subsurface soil are taken from Indian Department of Envnonmetul Management, Summary of Health-Based Criteria for Subsurface Soils (Nonresidential Land-Use Scenario), in the Resource Guide for the}’
Voluntary Remediation Program, Appendix ¥, Table 10 (July 1996).

2. Drata Quality Objectives for subsurface soil are taken from Indian Department of Environmetal Management, Summary of Health-Based Criteria for Groundwater (Nonresidential Land-Use Scenario), in the Resource Guide for the Tndi
Voluntary Remediation Program, Appendix ¥, Table 8 (July 1996).

3. PQL - Practical Quantitation Limit, based on EPA SW-846, 1986 for GC/MS.

4. Subject to change based on curreal laboratory in-house acceptance limits.

5. Subject to change based on vendor supplied acceptance limits for a solid matrix standard.
NA- Not Available since organic constituents are not spiked and controfled. List of spiked constituents ere defined in method, however, the spike list is subject o change. Specific accureey and precision criteria are not available for meta



Constituent

Semivolatile Organic Compounds

naphthalene
acenaphthylene
Cacemaphtione

fluorene |

Subsurface Soil (1) Residential

(mg/kg)

Sél‘aeuing Level |

(mg/keg) | Y

PQL(3) ' Accuracy.(li») o :
Tl S 7o/ S

%

1,761.785

0.660 o NA

NA

phenanthrene

anthracene

10,000.000

8.938.641

NA

10,000,000

0.660 T NA

17

10.660 o

S R o

156

0660 NA

NA

NA

Precision (4)
RPD

LA

~ NA
NA

46

j '§éreening Level | IPIQLG)

(mg/1)

Accuracy (5“)

Groundwater(2) Residential

" Presision (5)

LCL

LA

UCL
%

1.21600 0.01000
INA [0.01000
1.82400 0.01000
1.21600 0.01000

NA

NA 7 T[0.01000

e
| NA

| %68

RFD
%

NA

413

NA

NA

flueranthene

pyrene
benzo (2)anthracene

éhryééﬁe

Enbnénzn(b)ﬂunrauthene '

' benzo(k)fluoranthene

benzo(a)pyrenc
gsin m a—) pyreﬁé' I

: dibenzo(z,h)anthracene

benzo{g,h,ijperylene

3.3 dichlorobenzidine

renitreso-di-n-propylamine

bis{2-chloroisopropyl)ether

4-chloroaniline

2-chioronaphthalene
2, A-dinitrotoluened
hexachlorobutadiene
‘hexachlorocthane

isophorone

benzyl alcohol
bis(2-chloroethyllether

nitrobenzene

1.3 dichiorobenzene

“dichlorobenzene

1,4-dichlorobenzene

‘1.2 A-trichlorobenzene

h hiorobenzened

Thexachl crocyclopentadi ene

354977
501638
" 169,849
1620166

11,153

2,305.040

110,000.000

0.660 ‘ NA

T el

NA

16

912000 looioco

NA

NA

0.24320 0.01000
T0.91200 0.01000

NA

A

143

103.881

0.660 TTNA

376.273

0.660 e NA

NA
NA

NA
CNA

0.660 NA

NA

7;0:660 I T

NA

NA

10.01000
T0.00010 0.01000
s

020 0001000

NA
T NA

10.00020 0.01000

NA

0.660 NA

NA

NA

10,00020 10.01000

107

e
i
37

NA
NA

NA

NA

"i0.00020 0.01000

NA

0.660 - NA

NA

NA

09.563

NA

fages T

0680 NA

NA

o660 NA'

NA

10°660

NA

10.G0040 0.61000

NA

NA

NA

925

0.660

109

N

0.00020 0.01000
NA Toowoo

1.02000 0.02000

NA

NA

NA

NA

NA

TR o
1300 7 Na

NA

0.01000 0.01000
Clootooo 0.01000

10,000.000
6.533 '

0.660 NA

T 2s

NA
NA
w5

e
T NA

1433

0.660

NA

728618
e

2,524.230

NA

0.12160 0.02000
243200 [0.01000

T NA
NA

0.06080 0.01000
0.01006 “l0.01000

187 ’
i

0.01000 0.01000
0.08047 0.01000

NA

NA

NA

A
e
KT

NA
NA

T 005000
S

~ 007500
- 34s

9.12000 10.02000

1001520
0.60000 0.01000
060000 0.01000
001000

007000
0.00100
10.05000°

o
001000

0.01000
T
g

NA

NA ]
42.7 B
i

NA

NA

NA

NA

NA

NA
NA
NA

12,1
6.56
NA

931

931

NA
e

39.7
44.8
NA
NA




Constitaent : Subsurface Soif (1) Residential ‘ Groundwater(2) Residential \

* Screening Level POLE3) )--"Accilracy (4} "‘ --_---__-lg‘llecisi(r)ﬁr@)' : Sereening Level PQL(B) ' ' Accurac-y (5) ‘ T l’reciéi_b_n_(_g}”
: ' icL TucL RED | ict T uoL O TTRPD -
; ) I L % | ey | e I D o
n-nitrosodiphenylamine o T BT 0.660 ~ NA NA ' NA 0.01735 lo.o1c00 NA ' NA ]
benzoic acid ' iw,ooo.oee 3300 NA | TNA T NA T T i21.60000 ""ﬁé’fosoo"o ' NA TTTNA [
| 2-nitroaniline ) 3300 !3.;907 }IA T NT J NA 0.05000 _"_"Té'ﬁ"sboo o _ TTNA T T - ' _N'A” """ i




Constitaent

Groundwater(2) Residential

Sereening Level _Kcmy_(él} Precision (?i) Screening Level : PQL(3) Accufé'c':-jf {5) " Precision [6))]
e UL RPD UCL RPD

phenol 110.173 0.650 10.8 87.8 314 3.64800 10.01000 : 70.4 55
2-methylphenol 62.871 10.660 TNA [ Na NA  [1.52000 001000 NA NA
3-methyiphenel INa iogee NA NA NAT|NA 001000 T NA TUNATTTTT
4-methylphenol 71.452 0,660 T NA NA NA 152000 0.01000 NA T TUNA
Dlchlotophenol 1.945 s 196 T 765 3205200 a.0t00 106 TagyT
2 A-dichlorophenold 0.528 0.660 NA NA NA 005120 0.01000 NA NA
2.4,5-trichlorophenol 021059 10.660 NA NA NA 3.04000 0.01000 NA NA
2,4,6-trichlorophenold 0.660 0.660 NA T NA NA 0.01000 110.01000 NA NA
pentachioropherol o 04947 3300 5 91.3 122 000100 005000 T135 202
2,4-dinitraphenol 3.300 13.300 NA NA NA 0.06080 ©0.05000 NA NA
bis(Z-ethylhexyljphthalated 16427 0,660 NA T NA NA 0.00600 10.01000 NA T NA
bulylbenzylphthalate 10,000000 6.660 NA NA NA 0.10000 70.01600 NA NA
di-n-butyiphthalated 1,034.967 0.660 T NA NA 'NA 0.60800 0.01000 NA NA
diethylphthalate 10000000 0.660 NA NA NA 2432000  0.01000 NA NA
de methyi phihalate 10,000000 0.660 NA NA NA 304.00000 " i0.01000 NA NA
di-n-octyl phibalate 0318850 10.660 NA T NA T NA 0.60800  0.01600 NA
Volatile Organic Componds ’ o T . :
henze N 0.059 10.005 T s3 i34 32 0.00500 004500 130

278.926 0.005 453 147 a4 1.00000 i6.00500 130
ethylbenzene T 834.372 0.005 33 161 709 0.70000 0.00500 144
xylenes 1,000.000 0.005 NA NA NA 10.00000 (¢.00500 NA
vinyl chloride 0.129 Tlooro 215 174 493 0.00200 0.01000 [ st
chloroethane 1,000.000 0.010 o 439 T 45 Tp3ienrs T lootooo T T L 357
1, 1-dichloroethylene - 0.084 0.005 40.5 140 T 364 00700 0.00500 s
1.1-dichloroethane 20.074 4.005 J 60.5 134 24177 10.64000 0.00500 T
1,2-dichloroethylene (cis) 17407 " |o.0os TTTTTNA NA CNA [0.07000 0.00500 ToNA
1, 2-dichloroethane 0ms " lo.oos T ssg 149 A2 Jooosod 0.00500 S
trichloroethylene 0076 0.005 % 145 353 0.00500 T0.00s00 T13g
1.1, i-trichloroethane 220.642 0.005 515 149 244 0.20000 j0.00s00 136 ‘_
1.1.2-trichlorocthane Toms 0005 Ry 147 344 Tgosoo T jeoosod” T T
tetrachloroethylene 0227 0.005 139 o) Clodosan o.00500 144
11,1, 2-tetrachloroethane 0.076 0.005 TNA C U Na 0.00500 i6:00500 T NA :
1,1,2,2-tetrachloroethane 0.044 0.005 . . 201 85.2 ‘{].0{]50{] {0.00500 168 ;
I chlorotorm 2.082 0.005 ; 50.8 126 22.1 19,10000 i0.00500 120
Eacemne""”'"' 7122793 C a0 I T NA NA CONA L 3.04000 o.To000 NA




Constituent i Subsurface Snil (1) Residential ‘ Groundwater(2) Residential

7SC;eenmg Level | PQI(B) T Accuracy (4) i Precision (4} Scré&ling Level | ?Q[(?) Accuracy (5)” T . Precision (5} |
! ' . —— i i T, .

; LCL UCL TURPD Lol e T T TRPD
(mg/kg) : (mg/kg) %% | % Y% i {mg/1) ; (mg/i} Yo Yo Yo

{0,650 i NA NA NA il 52000 G.03000 NA : NA NA
Pciciiies A S D ! . o O U AU STRPPPRIN . . : S

H—méthylé-.ﬁémh.tan011e a 58.147

methyl ethyl ketone

Aldem T 0.007 0003 | 34 132 043 0.00004 000004 40 120 o 22
gaimma BHC (Lindene) 1 ST ey o g = s ; g

‘chlordane 4512 0.009 NA NA Na 1000200 0.00014 TUTUTNA NA NA
oo 0270 0.007 : NA NA NA 0.00035 0.00011 , NAT | NA T Na
S 545 o083 — i il e .‘ e “

DDT 0.794 0.008 TTUURNA NA ~ NA|000025 000012 TUTTTRNAT T NA NA

dieldrin 0.003 0061 ! 31 134 38 . oocooz [diGc062 52 ; /I, 18
‘endosulfan sulfate 2067 0.044 NA NA NA 0.06152 0.60065 T NA TNA NA |
endrin 1.939 Cleocs” T 42 139 45 0.06200  |0.00006 36 2 I
N T 0221 0.002 Ty T 120 AL h00040 0.00003 B T T
loaso 6056 NA TNA s NA 0.00020 0.00083 NA TTTTRNATT TNA

PCBs (Aroclor 1016) 4226  [0.044 70 | 130 ; NA  {0.00050 0.00G65 | o | 130 T NA

Metals

lead T INA ) 0,500 76 e [T 20 NA 0.00300 5 75
cadmium T 300007 0.500 7w 130 20 0.00560 G.00500 75 7
sitver ' T 9300000 1.600 ‘ 70 130 200 01500 0.01660 75
“mercury 47,600 6.100 ‘ 70 : 130 U000 000200 0.00020 s
chromium vi o FA00000 0 toee 20 T30 T 20 7 Tieosoe T footoos 75
o T e . g b e , = :
o _ 0t 0 —_—. - e e HRETTTT T aseso 0 loasosd e - IR

S R it | - . ; — ;0‘05006"'" e 0D — 52 L g
antimony o " |584.000 5.000 N I 20 10.00600 L A £ B VT S A 20

beryliium T 18605 0.500 e 130 ' 20 0.00400 0.00500 B L X S I S
cyanide 16,606 000 0125 0 130 : 0 0.20000 0oloce 75 )
nickel 110,000.000 4.000 0 ] 130 01600 10.04000
sefenium B 000000 9569 T 13677 77 ' %0.05’000' C0.00500
vanadium 16,000.000 5.000 70 130 1021280 0.05000

zine s 0.000.000 2.000 R R A § 7Y o 1912000 o000 L Rs T i25 20

Faotnotes:

1- Tier II screening levels for subsurface soil are taken from Indiana Department of Environmental Management, Suimimary of Health-Based Criteria for Subsurface Soils (Nonresidential Land-Use Scenario), in the Resource Guide for the Indiana Voluntary Remed



Constitueat 7 Subsurface Soil (1) Residential Groundwater(2) Residential

Screening Level ! POL(Y) 1 N .Acc.:il.mcy E3) Precisioﬁﬂ(ll) | “Screening Level . POL3) ‘ e Accui'aéy (5) i Precision (5) :
| ; LCL UCL g RPD ! LCL UCL RFD 1
‘ mykey L (mgkg) % % | %% mgl) | (mg/1) ; % % ‘ % !

2- Tier I screening levels for groundwater are taken from Indiana Department of Environmental Management, Summary of Health-Based Criteria for groundwater (Non-residential Land-use Scenario), in the Resource Guide for the Indiana Voluntary Remediation

3- PQL - Practical Quantitation Limit, based on EPA SW-B46, 1986 for GC/MS.

4 Compounds are not spiked in Method 8270,
NA-Not Applicable



ELEMENT

As (ICP)
As (GFAA)
Ba (ICP)
Cd (ICP)
Cd (GFAA)
Cr (ICP)
Pb (ICP)
Pb (GFAA)
Se (ICP)
Se (GFAA)
Ag (ICP)
Hg (CVAA)

AQUEOUS

0.035
0.005
0.001
0.002

0.00003
0.003

0.0025
0.002
0.036
0.002
0.003

0.00003

SOLID
MDL, mg/l

0.003

0.2

0.003

MDL, mg/kg

3.5
0.5
0.1
0.2

0.3

0.2
3.6
0.2
0.3
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Constituent

SuIJsu rface

reundwater(2

Sereening PQL(3) Accuracy (4) Precision (4) Screening
LCL UCL RPD
{mg/kg) (mg/kg) % % % (mg/)
naphthalene 10,000.00 0.66 NA NA NA 4.088
acenaphthylene NA 0.66 NA NA NA NA
acenaphthene 10,000.00 0.66 31 78.8 245 6.132
fluorene 16,000.00 0.66 NA NA NA. 4,088
phenanthrene NA (.66 NA NA NA NA
anthracene 10,0006.00 0.66 NA NA NA 30.66
flueranthene 10,000.00 0.66 NA NA NA 0.8176
pyrene 10,000.00 0.66 26.2 87.8 21.4 3.066
benzo{a)anthracene® 103.88 0.66 NA NA NA 0.01
chrysenc* 10,000.00 0.66 NA NA NA 0.3918
benzo{b)Ruoanthene* 35498 0.60 NA NA NA 0.01
benzo{k)fluoranthenc* 3,755.12 0.66 NA NA NA 0.0392
benzo(a)pyrene 69.85 0.66 NA NA NA 0.01
indeno{1,2,3-cd)pyrene* 629.17 0.66 NA NA NA 0.01
dibenzo(a,h)anthracene™® ¢9.806 0.66 NA NA NA 0.01
benzo(z,h,Uperylens NA 0.66 NA NA NA NA
3,3-dichlorobenzidine 12.86 1.3 NA NA NA 6.02
n-pitroso-di-n-propylamine 0.66 0.66 30.7 90 34 0.01
bis(2-chloroisopropyl)ether 1.32 0.66 NA NA NA 0.040%
4-chloroaniline 1,117.69 1.3 NA NA NA 0.4088
2-chloronaphthalene 10,000.00 0.66 NA NA NA 8.176
2,4-dinitrotoluene 39.07 0.66 28.6 g0 i2.5 0.2044
hexachlorobutadiene 31.18 0.66 NA NA NA 0.0367
hexachlerocthane 3 0.66 NA NA NA 0.0204
tsophorone 256.03 0.66 NA NA NA 3.0105
benzyl alcohol 4.350.75 13 NA NA NA. 30.66
1bis{2-chloroethyl)ether 0.66 0.60 NA NA NA 0.01
nitrobenzene 1.73 0.66 NA NA NA 0.0511
1,2-dichlorobenzene 190,600.00 .06 NA NA NA 9.198
1,3-dichlorobenzenc NA 0.66 NA NA NA NA
1.4-dichlorobenzene 34.67 0.66 27.8 73.3 3.1 0.1192
1,2.4-trichlorobenzene 1,405.37 0.66 20.4 74.0 34.6 1.022
hexachlorobenzene 101.56 0.66 NA NA NA 6.01
hexachlorocyclopentadiene 2.89 0.66 NA NA NA 0.7154
n-nitrosodiphenylamine 567.8 0.66 NA NA NA 0.5837
benzoic acid 14,000.00 3.3 NA NA NA 408.8
2-nitroaniline 33 33 NA NA NA 6.05
phenot 658.78 0.66 28.1 77 3t4 12.264
2-methyiphenol 375.93 0.66 NA NA NA 5.11
3-methylphenol NA 066 NA NA NA NA
4-methylphenol 427.24 0.66 NA NA NA 5.11




PQL(3)

Accuracy (5)

Precision (5)

LCL UCL RPD
(mg/1) % Y %
0.01 NA NA NA
0.01 NA NA NA
0.01 28.6 88.6 41.3
0.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.01 253 103 3717
0.01 NA NA NA
6.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
6.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.02 NA NA NA
0.01 15.9 119 427
0.01 NA NA NA
0.02 NA NA NA
0.01 NA NA NA
0.01 23.5 95.4 36.5
0.01 NA NA NA
6.01 NA NA NA
0.01 NA NA NA
0.02 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.01 20.6 82 397
0.01 19.7 £0.9 44.8
0.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.05 NA NA NA
0.05 NA NA NA
6.01 5 46.7 70.4
.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA




Z-éhlorophéhdi

1163

e

294

32 0.511
2,4-dichlorophenol 1512 (.66 NA NA NA (.3066
2,4.,5-trichlorophenoi 5,507.44 .66 NA NA NA 10.22
2,4 6-trichlorophenol 30.65 0.66 NA NA NA 0.26
pentachierophenel 24.95 33 5 106 12.2 0.05
2 4-dinitrophenol 7.37 33 NA NA NA 0.2044
bis(Z-cthylhexyDphthalate 1,406.25 0.06 NA NA NA 0.2043
butylbenzylphthalate 10,600.00 0.66 NA NA NA 20.44
di-n-butylphthalate 6,188.50 0.60 NA NA NA 2.044
dicthylphthalate 10,000.00 0.60 NA NA NA 81.76
de methyl phthalate 10,000.00 0.66 NA NA NA 1022
di-n-octyl phthalate 10,00G.00 (.66 NA NA NA 2.044
benzene 4.77 0.003 85.8 120 32 0.0986
toluene 1,000.00 0.005 80.1 126 447 20.44
ethylbenzene 1,000.00 0.005 83.8 129 70.9 10.22
xvlenes 1,000.00 0.005 NA NA NA 2044
vinyl chloride 0.13 0.01 72.2 131 493 0.01
chloroethane 1,0006.60 0.01 82.0 129 45 NA
1,1-dichloroethylene 0.08 0.005 72.8 126 304 0.007
1,1-dichleroethane 1,060.00 0.005 86.3 110 24.1 10.22
1,2-dichloroethylene (cis) 102.49 0.005 NA NA NA 1.022
1,2-dichloroethane 0.37 0.005 70.7 139 41.2 0.0314
frichloroethylene 2573 0.005 82.6 116 35.3 0.26
1,1, 1-trichloroethane 1,600.00 0.005 §6.2 124 244 9.198
1,1,2-trichloroethane 1.05 0.005 72 137 34.4 0.0502
tetrachloroethylene 8.01 0.005 80 128 29.1 0.0561
1.1,1,2-tetrachloroethane 7.24 0.003 NA NA NA 0.11
1,1,2,2-tetrachloroethane 0.21 0.005 77.1 145 85.2 0.0143
chioroform 20.33 0.005 85.3 114 221 0.4689 -
acetone 136.29 0.1 NA NA NA 10.22
4-methyl-2-pentanone 407.48 0.03 NA NA NA 5.11
methyl ethyl ketone 146.24 0.1 NA NA NA 311
Aldrin (.06 0.003 50 150 30 0.0002
gamma-BHC (Lindane) 0.34 0.006 50 150 30 0.0022
chiordane 4.51 0.009 NA NA NA. 0.002
Dbb 48.34 0.007 50 150 30 0.0119
DDE 80.49 0.003 50 150 30 0.0084
DDT 141.83 0.008 50 150 30 0.0084
dieldrin 0.06 0.001 50 150 30 0.0002
endosulfan sulfate 12 0.044 50 150 30 0.005]
endrin 10.12 0.004 50 150 30 0.0061
heptachlor 0.44 0.002 50 150G 30 0.0006
heptachior epoxide 0.45 0.056 50 150 30 0.0008
PCBs (Aroclor 1016) 423 0.044 51.7 - 133 60.3 0.0007
lead NA 0.5 NA NA NA. NA
cadmium 730 0.5 NA NA NA 0.0511
silver 7,300.00 1 NA NA NA 0.511
mercury 87.6 0.1 NA NA NA 0.00061
chromium vi 7.300.00 1 80 120 20 0.511
chromium iii 10,000.00 1 NA NA NA 102.2
bartum 1G,000.00 20 NA NA NA 7.154




arsenic ‘ 1438 1 - INna INA NA 0.05
antimony . 384 G NA NA NA (.06
beryllium 118.6 0.5 NA NA NA 0.005
cyanide 10,000.00 0.125 NA NA ‘ NA 2.044
nickel 10,000.00 4 NA NA NA 2.044
sefenium 7,300.00 0.5 NA NA NA 0511
vanadium 10,000.00 3 NA NA NA 0.7134
zing 10,000.00 2 NA NA NA. 30.606
Footnotes:

1. Data Quality Objectives for
2. Data Quality Objectives for

3. PQL - Practical Quantitation Limit, based on EPA SW-846, 1986 for GC/MS.

14, Subject to change based on current laboratory in-house acceptance limits.

|5, Subject to change based on vendor supplied acceptance Hmits for a solid matrix standard.
NA- Not Available since organic




0.01 313 81.3 443
0.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.05 E 114 29.2
0.05 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.01 NA NA NA
0.005 74.1 119 23.7
0.005 79.6 122 25.4
0.005 71.2 149 252
0.005 NA NA NA
0.01 372 152 312
0.01 5 347 293
0.005 56.6 124 31
0.005 643 124 42
0.005 NA NA NA
0.005 73.3 126 233
0.005 70.7 127 26.9
0.005 72.1 129 29
0.003 75.6 123 759
0.005 71.7 139 29.7
0.005 NA NA NA
0.005 54.8 144, 273
0.005 758 116 25
0.1 NA NA NA
0.05 NA NA NA
0.1 NA NA NA
0.00004 50 150 30
0.00009 50 150 30
0.00014 NA NA NA
0.00011 50 150 30
0.00004 50 150 30
0.00012 50 150 20
0.00002 50 150 30
0.00066 50 150 30
0.00006 50 150 30
0.00003 50 150 30
0.00083 50 150 30
0.00065 30.7 153 30
0.003 80 120 20
0.005 80 120 20
0.01 g5 115 20
0.0002 85 115 20
0.01 90 70 20
0.01 NA NA NA
0.2 85 is 20




0.01 80 20 |20
0.06 80 120 20
0.005 88 115 20
0.01 90 110 20
0.04 8s 115 20
0.005 80 120 20
0.05 85 L13 20
0.02 83 115 20




Subsurface Soil ! Nonresidential

Groundwater™ Nonresidential

"~ “Constituent ;
Screening pQL® Accuracy @ Precision™{ Screening pQLY Accuracy @ Precision®
Level LCL UCL RED Level LCL UCL RPD
: (me/kg) | (mg/ks) % % % {mg/l} (mg/l) % % %
naphthalene 10,000.00  J0.66 NA NA NA 4.088 0.01 NA NA NA
acenaphthylene NA 0.66 NA NA NA NA 0.01 NA NA NA
acenaphthene 10,600.00  [0.66 31 78.8 24.5 6.132 0.01 28.6 886 413
fluorene 10,000.00  10.66 NA NA NA 4,088 0.01 NA NA NA
phenanthrene NA. 0.66 NA NA NA NA 0.01 NA NA NA
anthracene 1000000 |0.66 NA NA NA 30.66 0.01 NA NA NA
fluoranthene 10,000,00  0.66 NA NA NA 0.8176 0,01 NA NA NA
pyrene 10,000.00  [0.66 26.2 87.8 214 3.066 0.01 25.3 103 37.7
benzo({ajanthracene* 103.88 0.66 NA NA NA 0.01 0.01 NA NA NA
chrysene* 10,000,00 0,66 NA NA NA 03918 0.01 NA NA NA
benzo(b}fluoanthene* 354.98 0.66 NA NA NA 0.01 0.01 NA NA NA
benzo(k)fluoranthene* 3,759.12 0.66 NA NA NA 0.0392 0.01 NA NA NA
benzo(a)pyrene 69.85 0.66 NA NA NA 0.01 0.01 NA NA NA
indeno(1,2,3-cd)pyrenc* 62917 0.66 NA NA NA 0.01 0.01 NA NA NA
dibenzo(a, h)anthracene* 69.86 0.66 NA NA NA 0.01 0.01 NA NA NA
benzo(g,h,i)peryiene NA, 0.66 NA NA NA NA 0.01 NA NA NA
3,3'-dichlorobenzidine 12.86 1.3 NA NA NA 0.02 0,02 NA. NA NA
n-nitroso-di-n-propylamine 0.66 0.66 30.7 90 34 0.01 0.01 15.9 119 42,7
bis{2-chloroisopropyl)ether 1.32 0.66 NA NA NA 0.0409 0.01 NA NA NA
4-chloreaniline 1,117.69 13 NA NA NA 0.4088 0.02 NA NA NA
2-chloronaphthalene 10,000,00  ]0.66 NA NA NA. 8.176 0.01 NA NA NA
2 4-dinitrotoluene 39.07 0.66 28.6 80 12.5 0.2044 0.01 235 95.4 36.5
hexachlorobutadiene 31,18 0.66 NA NA NA 0.0367 0.01 NA NA NA
hexachloroethane 3.31 0.66 NA NA NA 0.0204 0.01 NA NA NA
isophorone 256.03 0.66 NA NA NA 3.0105 0.01 NA NA NA
benzyl alcohol 4,356.75 1.3 NA NA NA 30.66 0.02 NA NA NA
bis(2-chloroethyl)ether 0.66 0.66 NA NA NA 0.01 0.01 NA NA NA
nitrobenzene 1.73 0.66 NA NA NA 0.0511 0.01 NA NA NA
t,2-dichlorobenzene 1000000 §0.66 NA NA NA 9.198 0.01 NA NA NA
1,3-diehlorobenzene NA 0.66 NA NA NA NA .01 NA NA NA
1,4-dichlorobenzene 34.67 0.66 278 733 311 0.1192 0.01 20.6 82 39.7
1,2 4-trichlorobenzene 1,405,37 0,66 26.4 74.6 4.6 1.022 0.01 19.7 80.9 443
hexachlorobenzene i01.56 0.66 NA NA NA 0.01 0.1 NA NA NA
hexachlorocyclopentadiene 2.39 0.66 NA NA NA 0.7154 0.01 NA NA NA
n-nitrosodiphenylamine 567.8 0.66 NA NA NA 0,5837 0.01 - NA NA NA
benzoic acid 10,000.00 133 NA NA NA 408.8 0.05 NA NA NA
2-nitroaniline 33 33 NA NA NA 0.05 0.05 NA NA NA
phenol 658.78 0.66 28.1 77 31.4 12264 0.01 5 46.7 704
2-methylphenaol 37593 0.66 NA NA NA 5.11 0.01 NA NA NA
3-methylphenol NA 0.66 NA NA NA NA. 0.01 NA NA NA
4-methylphenol 427.24 0.66 NA NA NA 5.11 0.01 NA NA NA
2-chlorophenol 11.63 0.66 259.4 757 32 0.511 0.01 31.3 81.3 443
2,4-dichlorophenot 15.12 0.66 NA NA NA 0.3066 0.0} NA Na NA
2.4, 5 trichtorophenol 5,507.44 0.66 NA NA NA 10.22 0.01 NA NA NA,
2,4,6-trichlorophensl 30.65 0.66 NA NA NA 0.26 0.01 Na NA NA
pentachleropherol 2495 33 5 106 12.2 0.05 0.05 5 114 29.2
2,4-dinitrophenol 7.37 33 NA NA. NA 0.2044 0.05 NA NA NA
bis(2-ethylhexyl)phthalate 1,406.25 0.66 NA NA NA 0.2043 0.01 NA NA NA,
butylbenzylphthalate 10,000.00 10.66 NA NA NA 20.44 0.01 NA NA NA
di-n-butylphthalate 5,188.56 0.66 NA NA NA 2.044 0.0 NA WA NA
Sicthyiphthatate 10,000.00 .60 NA NA NA 81.76 0.01 NA NA NA
de methyl phihalate 13,000.00  10.66 NA MNA MNa 122 .01 NA NA NA
di-n-cety | phthalae 00000 (066 NA NA NA 2044 0.0t NA NA NA
" {benzene 477 0.005 85.8 120 32 0.0986 0003 741 19 23.7
- |toluene 1,000.00 0.005 30.1 126 447 2044 0.003 9.6 122 25.4




¥
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Footnotes:

Subsurface Snil  Nonresidential Groundwater® Nonresidential
Chnnstituent
Screening PQL® Accusacy @ Precision ™| Screening QLY Accuracy @ Precision®
Level LCL UCL RED Level LCL UCL RPD
(mekg) | (mgkg) | % % % @g) | (mg) % | % %
ethylbenzene 1,000.00 0.005 83.8 129 70.9 10.22 0.005 71.2 140 252
xylenes 1,000.00 0.005 NA NA NA 204.4 0.005 NA NA NA
vinyl chloride 0.13 0.01 722 131 493 0.01 0.01 37.2 152 312
chloroethane 1,000.00 0.01 82.6 129 45 NA 0.01 5 347 293
1,1-dichloroethylene 0.08 0.005 8 126 36.4 0.007 0.005 56.6 124 31
1,1-dichloroethane 1,000.00 0.005 86.3 110 24.1 10.22 0.005 64.3 124 142
1,2-dichloraethylene (cis) 102.49 0.005 NA NA NA 1,022 0.005 NA NA NA
1,2-dichloroethane 0.37 0.005 70,7 139 41.2 0.0314 0.005 733 126 233
trichloroethylene 25,73 0.005 82.6 116 353 0.26 0.005 70.7 127 26.9
1,1,1-trichloroethane 1,600.00 0.005 86.2 124 244 9.198 0.005 72.1 129 29
1,1,2-trichloroethane 1.05 0.005 72 137 34.4 0.0502 0.005 756 123 259
tetrachloroethylene 8.01 0.005 80 128 29.1 0.0561 0.005 71.7 139 29.7
1,1,1,2-tetrachloroethane 7.24 0.005 NA NA NA 0.11 0.005 NA NA NA
1,1,2,2-tetrachlorocthane 0.21 -10.005 77.1 145 85.2 0.0143 0.005 54.8 144 273
chieroform 20.33 0.005 853 114 221 0.4689 0.005 75.8 116 25
acetone 136.29 0.1 NA NA NA 10.22 0.1 NA NA NA
4-methyl-2-pentanone 407,48 0.05 NA NA NA 5.11 0.05 NA NA NA
methyl ethyl ketone 146.24 0.1 NA NA, NA 5.11 0.1 NA, NA, NA
Aldrin 0.06 0,003 50 150 30 00002 0.00004 50 150 30
gamma-BHC (Lindane) 0.34 0.00& 30 150 30 0.0022 0.00009 50 150 30
chlordane 4.51 0.009 NA NA NA 0.002 0.00014 NA NA NA
DDD 48.34 0.007 50 150 30 0.0119 0.00011 50 150 30
DDE 30.49 0.003 50 150 30 0.0084 0.00004 50 150 30
DDT 141.83 0.008 30 iso 30 0.0084 0.00012 50 150 30
dieldrin 0.06 0.001 50 150 30 0.0002 0.00002 50 150 30
endosulfan sulfate 12 0.044 50 150 30 0.0051 0.00066 50 150 30
endrin 10.12 0.004 50 150 30 0.0061 0.00006 50 150 30
heptachlor 0.44 0.002 30 150 30 00006 0.00003 50 150 30
heptachlor epoxide 0.45 0.056 50" 150 30 0.0008 0.00083 50 150 30
PCBs (Aroclor 1016) 423 0.044 51.7 133 60.3 0.0007 000065 n7 153 30
© llead NA 0.5 NA NA NA NA, 0.003 80 120 20
“leadmium 730 0.5 NA NA NA 0.0511 0.005 80 120 20
silver 7,300.00 H NA NA NA 0.511 0.01 85 I3 20
mercury %7.6 0.1 NA NA NA 0.0061 0.0002 25 I1s 20
chromium vi 7,300.00 i 30 120 20 0.511 0.01 90 110 20
chromium it 10,000.00 |1 NA NA NA 102.2 0.01 NA NA NA
barium 10,000.00 120 NA NA NA 7.154 0.2 35 115 20
arsenic 438 1 NA NA NA 0.05 0401 80 120 20
antimony 584 6 NA NA NA 0.06 0.06 80 120 20
beryllium 118.6 0.5 NA NA NA 0.005 0.005 38 115 20
|cyanide 10,000.00 0,125 NA NA NA 2.044 0.01 90 110 20
nickel 10,000.00 |4 NA NA NA 2.044 0.04 85 115 20
selenium 730000 0.5 NA NA NA 0.511 0.003 80 120 20
vanadium 10,000.00 15 NA NA NA 0.7154 0.05 23 113 20
zine 10,000.00 }2 NA NA NA 30.66 0.02 83 115 20

1. Data Quality Objectives for subsurface soil are taken from Indian Department of Envirenmetal Management, Summary of Health-Based Criteria for Subsurface Seils (Nenresidential
Land-Use Scenaric), in the Resource Guide for the Indiana Voluntary Remediation Program, Appendix F, Table 10 (July 1996).
2. Data Cuality Objeetives for subsurface soil arc taken from indian Department of Environmetal Management, Summary of Health-Based Criteria for Subsurface Soils {Nonresidential
Land-Use Scenario), in the Resouree Guide for the Todizn: Volumary Remadiation Program, Appendix B, Table 10 (Juty 1996).

24, 1986 for GOMS.

4. Subject to change based on current faboratory in-house accepuanee jimits.

3. PO - Practical Quantiianian Limit, based on EPA

5. Subject to change based on vendor supplicd aceeptance linits for a sotid matrix standard.

NA- Not Applicable since orranic canstituents are spiked and controlled. List of spiked constituents are defingd in method, however, e spike list is subject 10 change.




Jan

The feollowing is in response to your last e-mail. In addition I, have
attached an updated version of table 1-2. If you have any guestion,
please let me know.

Thanks,
Rick Spitaler

1 Regarding the analyses for the metals, I'm still nct clear about
what

list of metals you'll be locking feor. The sampling plan {(Table 3-2)
identifies the 8 RCRA metals (As, Ba, Cd, Cr, Pb, Hy, Se and Ag);

however, the reply below includesg some additional metals (such as Sb,

Ni, V and Zn) . The metalsg list needs to be resolved and corrected

such that it's clear what will be analyzed for.

The sampling plan is correct in indicating only the 8 RCRA metals. The
lab inadvertently included Sk, Ni, V and Zn in their response and T

ended up passing on the information. Thesge metals should not have been
included.

2 Based on the reply below, we are still missing the 1) lab SOPs
for the

_ GFEA sample prep for water water samples, and the 2) lab S0P for GFAA
S xlﬁggwggmén waters .

e e e e e AT i

ng}&}x’The following SOPs fédueétéd”afe Attached for vyour review:
% ' Standard cperating procedures for the preparatioﬁwggwaqueous Sémpies
=" and extracts for total or dissoclved metals analysis by Graphite Furnace

Atomic Absorption Spectroscopy

- Standard operating procedures for atomic absorption analysis of cadmium
for aguecus sgamples

3 Table 3-1 of the sampling plan needs to reflect that the list of

e pRHs
below will be analyzed for by Method 8270 in soils, and by Methcd
8310

for waters.

Table 3-1 has been updated and is included as an attachment

4 You may want to itemize the list of analytes that are required
and .

attach this list to the sampling plan , sgimilar to what vou have

below. ‘

You may want to do the same for the VOC compounds, so that it's clear

whether vou're going to look for the entire list of vVOCs in Table 1-2
or

gsome sub-set.

Attached is a list of analytes provided by Sima

5 Doeg the lab have a list of goil MDLs for the metals? i i_
Sima Labs provided the following response to your request.m -
Here is the MDL data. The MDLs are performed in water (thereby

explaining the mg/l units). A "typical" preparation factor for soil



samples is 100 (ig sample digested and diluted to a final volume of
100ml) . The agueous MDL is multiplied by this preparation factor to
estimate the MDL for a solid matrix. Please realize that SIMALARS
International does not encourage reporting data down to the MDL, as
the

probability for false biased data is considered too great.

ELEMENT AQUECUS SOLID
MDL, mg/l VDL, mg/kg

&s {ICP) 0.035 3.5
Az {(QGFAR) 0.005 0.5
Ba {ICP) 0.001 0.1
cd (ICP) 0.002 0.2
cd (Gran) 0.00003 0.003

Cr (ICP} 0.003 0.3
Ph (ICP) 0.0025 0.2

Pb (GFARQ) 0.002 0.2
Se (ICP) 0.036 3.6
Se (QFRA} 0.002 0.2
Ag {ICP) 0.003 0.3
Hg (CVAA) 0.00003 0.003

8260_8270Cmpds-PQLs.dolable 1-2 Final.xlssamples 3-1.xls



1.2.Dibromoethane 5
1,2-Dichlorobenzene 10
1,3,5- Trimethylbenzene 51
1,3-Dichlorobenzene 10
1,3-Dichloropropane 3
1,4-Dichlorobenzene 10
2,2-Dichloropropane 5
2-Chloroethyt vinyl ether 10
2-Chlorotoluene 1y
4-Chlorotoluene 10
Acetonitrile 100
Bromobenzene 5
Cumene 5
Dibrormomethane 5
Dichlorodifluoromethane 5
Ethylene Dibromide 10
Hexachlorobutadiene 100
|sopropylbenzene 9
n-Butyl Alcohol 100
n-Butyibenzene 10
n-Propylbenzene 10
Naphthalene 10
p-isopropyltoluene 5
sec-Buty/benzene 5
tert-Butylbenzene 5
Total 1,2-Dichloroethene 5
Total Xylenes 5

SVOCs by 8270C




VOCs by 82608

Analyte PQL,
ug/l

10

5

1,1,2-TFrichioroethane 5
1,1-Dichloroethane 5
1,1-Dichlorpethene 5
1,2-Dichioroethane 5
1,2-Dichioropropane 5
2-Butancne 10
2-Hexanone 10
4-Methyl-2-Pentanone 10:
Acetone 50
Acrolein 100
Acrylonitrile 100
Benzene 5
Bromodichloromethane 5
Bromoform 5
Bromomethane 10
Carbon Disulfide 10
Carbon tetrachloride 5
Chiorobenzene 5
Chlorodibromomethane 5
Chloroethane 10
Chioroform 5
Chioromethane 10
cis-1,2-Dichloroethene 5
cis-1.3-Dichloropropene )
Dibromochloromethane 5
Dichiorobromomethane 5
Dichloromethane )
Ethylbenzene 5
m,p-Xylene 5
Methy! Ethyl Ketone 10
Methyl 1sobutyl Ketone 5
Methyl-t-Butyl Ether 10
Methyliene chioride 10
MTBE 10
o-Kylene 5
Styrene 5
tert-Butyl Methyi Ether 10
Tetrachioroethene 5
Toluene 5
trans-1,2-Dichloroethene 5
trans-1,3-Dichloropropene 5
Trichloroethene 5
Trichlorofluoromethane 5
Vinyl Acetate 10
Vinyi chloride 10
1,1-Dichloropropene 5
1,2 3-Trichlorobenzene )
1,2, 3-Trichloropropane 5
1,2,4-Trichlorobenzene 5
1,2 4-Trimethylbenzene 5
1,2-Oibromo-3-Chloropropane 5




Analyte

FQL.
ug/|

1,24 Trichlorobenzene

1,2:Dichiorobenzene

1,2 Diphenyl hydrazine

1.3-Dichiorobenzene

1. 4-Dichlorobenzene

2,2 -oxybis(1-chloropropana)

2,45 Trichlorophenol

2,4,6;TFiéhIGerhenQI

2,4-Dichlorophenc|

2.4-Dimethyiphenol

2 A4-Dinitrophenoci

2 4-Dinitrotoluene

2,6-Dichiorophenol

2,6-Dinitrotoluene

2-Chloronaphthalene

2.Chlorophenct

2-Methyl-4,6-dinitrophenagl

2-Methylnaphthalene

2-Methylphenaol

2-Nitroaniline

2-Nitrephenol

3,3 -Dichlorobenzidine

3.,4-Benzofiucranthensa

3-Methylphenol

3-Nitroaniline

3/4-Methylphenol

4,6-Dinitro-2-methylphenol

4 6-Dinitro-g-cresol

4-Bromophenyl phenyl ether

4.Chloro-3-meathyiphenaol

4-Chloroaniline

4-Chlorophenyl phenyl ether

4-Nitroaniline

4-Nitrophenol

Acenaphthene

Acenaphthyiene

Acetophencne

Aniline

Anthracene

Benzidine

Benzo[a]anthracene

Benzo[a]pyrene

Benzo[b]fluoranthene

Benzo[g,hilperylena

Benzo[jifiugranthene

Benzo[kjfluoranthene

Benzoic acid

Benzy! aicohol

bata-Chloronaphthalene

Bis(2.chloroethoxy)methane

Bis(2-chloroethybether

Bis(2-chlorgisopropyhether

Bis(Z-ethylhexylphthalate

Butyl benzyl phthalate

Carbazole

Chrysene




i sty BRETaR T
: Di-n-buty! phthalate 10
:Di-n-octyl phthalate 10
Dibenzl{a hianthracene 10
Dibenzofuran 10
Diethyl phthalate 10
Dimethyl phthaiate 10
Fluoranthene 10
Fluorene 10
Hexachlorobenzene 10
Hexachlorobutadiene 10
Hexachlorocyclopentacdiene 10
Hexachloroethane 10
Indenoll,2,3cdlpyrene 10
tsophorone T
m-Dichlorobenzene 10
N-Nitrosodi-n-propylamine 10
N-Nitrosodimethylamine 10
N-Nitrosodiphenyiamine 10
Naphthalene 10
Nitrobenzene 10
o-Chiorophenol 10
p-Chloro-m-creso! 20
p-Chleroaniline 20
p-Cresol 10
Pentachlorophenol 50
Phenanthrene 10
Phenol )
Pyrene 10
Pyridine 10
Total Cresol 10
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SOP 1D: Cr+6(3)
Revision: 3
Revised Date; 06/08/2001

2.0 SCOPE AND APPLICATION

This is an automated colorimetric procedure for the determination of Hexavalent

2.1
Chromium. This procedure is applicable to the direct analysis of aqueous samples
and the digestates of solid matrix samples. The routine reporting limits are 0.005 -
mg/l and 16 mg/kg.

3.0 SUMMARY

3.1 Using an acidic solution of diphenylcarbazide, hexavalent chromium generates a
red-violet color with maximum absorbance at 540 nm.

3.2 Thelinear working range is 0.005 to 0.400 mg/I.

4.0 DEFINITIONS

4.1
4.2

4.3

4.4

4.5

Accuracy - The degree of agreement of a measured value with the true or
expected value of the quantity of concern (% recovery of a known spiked analyte).

Aliguot _ A measured portion of a sample, or solution, taken for sample preparation
or analysis. _

Analyte — The specific component measured in a chemical analysis.

Analytical Batch — A group of samples which are analyzed, at the instrument level,
together using the same method, reagents and apparatus within the same time
period. Typically, these are samples in the same batch ID in the LIMS.

Blank — An artificial sample designed to assess specific sources of laboratory
contamination. There are several types of blanks, which monitor a variety of
processes:

« Calibration Blank — An aliquot of the standard diluent {water or organic solvent)
that is not carried through the sample preparation scheme. it is analyzed to
verify that the analytical system is free from contamination. Also referred to as
an instrument blank or solvent biank.

+ Field Blank — blanks that are collected in the field and analyzed to determine -
the [evel of contamination introduced into the sample due to sampiing
technique.

« Method Blank — An aliquot of lab pure water or solid matrix taken through
sample preparation (when reguired) and analysis. it is a test for contamination
in sample preparation and analyses. Also referred to as a Method Blank.

Page 3 of 11
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4.6

4.7

4.8

4.9

410

4.11

412

SOP ID: Cr+6(3)
Revision: 3
Revised Date: 06/08/2001
Bias — The deviation of a measured value from a known or accepted value due to
matrix effects or method performance. Bias may be determined quantitatively to
correct measured values. Bias may be positive or negative.

Calibration -~ The establishment of an analytical curve based on the absorbance,
response, emission intensity, or other measured characteristic of known standards.
The calibration standards must be prepared using the same type and concentration

of acids, solvents, or other solutions used in the sample preparation.

Continuing Calibration Verification Standard {(CCV) — A standard used to verify the
continued acceptability of the initial calibration curve. A continuing calibration
verification must be repeated at the beginning and end of each analytical batch and
every 10-20 samples, whichever is more frequent depending on the method
requirements. The concentrations of the continuing calibration verification standard
shall be varied within the established calibration range. If an internal standard is

used, only one contlnumg calibration verification must be analyzed per analytical
batch.

Detection Limit — The smallest concentration/amount of some component of interest
that can be measured by a single measurement with a stated level of confidence.

» |DL — Instrument detection limif. A statisticall'y determined detection limit used
to estimate the instrument's sensitivity. The IDL is obtained by analyzing
seven consecutive blanks to assess the variability of the instrument.

e MDL - Method detection limit. The minimum concentration of a substance that
can be measured and reported with a 99% degree of confidence. MDLls are
determined by analyzing a minimum of seven consecutive standards that have
been processed through all preparatory steps.

o PQL - The Practical Quantitation Limit is the lowest concentration that can
reliably be achieved within specified limits of precision and accuracy during
routine laboratory operating conditions. Typically, the PQL is a value in the
range of 5 - 10 times the MDL. Also referred to as the Estimated Quantitation
Limit (EQL).

Initial Calibration Verification (ICV) — A standard used to verify the accuracy of
calibration standards. Prepared from a second source than that of the calibration
standards, its known value is measured against the calibration curve. This
determines the integrity of working standards. Also referred to as an external
verification standard or check standard. ' :

Holding Time — The maximum storage time allowed between sample collection and
sample analysis when the designated preservation and storage techniques are
employed. '

Laboratory Control Sample (LCS) — An aliquot of laboratory pure reagent spiked with -
target analytes or compounds representative of target analytes. The sample is

Page 4 of 11
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4.13

4.14

415

4.16

4.17

418

4.19

4.20

SOP ID: Cr+6(3)
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carried through the entire analytical process and analyte recovery is used to monitor
method performance. Also referred to as a laboratory fortified blank (LFB).

| aboratory Control Sample Duplicate (LCSD) — An aliquot of laboratory pure reagent
spiked with the identical amouni(s) of target analyte(s) as the LCS. Results of the
two spikes are used to assess both the bias and precision of a method with a given
sample matrix. Also referred to as a laboratory fortified blank duplicate (LFB DUP}.

Matrix — The component or substrate which may contain the analyte of interest.
Matrices are limited to the following: aqueous (includes extracts from the TCLP or
other extraction procedure, groundwater, surface water, and wastewater), drinking
water (potable water and laboratory pure water}, rion-aqueous liquid (organic liquid
having <15% settleable solids), and solid (includes sediment, sludge, and soil).

Matrix Spike (MS) — An aliquot of a sample that is spiked with a known amount of
target analyte(s). Recovery of the matrix spike, expressed as percent recovery, is

- used to assess the bias of a method in a given sample matrix. Also referred to as a

laboratory fortified sample matrix (LFSM).

Matrix Spike Duplicate (MSD) — An aliquot of the same sample used for the MS,
spiked with the identical amount(s) of target analyte(s) as the MS. Results of the
two spikes are used to assess both the bias and precision of a method with a given

- sample matrix. Also referred to as a laboratory fortified sample matrix duplicate

(LFSM DUP).

Percent Recovery — A measure of accuracy that is calculated as the measured
value relative to the true value, expressed as a percent.

%R = MV * 100
TV

where: MV = measured value
TV = true value

Precision - The degree of mutual agreement characteristic of independent
measurements as the result of repeated application of the process under specified
conditions. [t is concerned with the comparability of results from duplicate or
replicate analyses. (% RPD between the recoveries of fwo known analyte spikes,
and %RSD between the recoveries of three or more measurements).

Preparation Batch — A group of samples of similar composition which are preparéd
together using the same method, reagents and apparatus within a 24 hour calendar
day or every 20 samples, whichever is more frequent. Typically, these are samples
in the same batch ID in the LIMS.

Preservative — A reagent added to a sample, or an action used, fo prevent or slow
decomposition or degradation of a target analyte or a physical process. Thermal and
chemical preservation may be used in tandem to prevent sample deterioration.

' Page 5 of 11
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4.21 Relative Percent Difference (% RPD) — Used to compare two values, the relative

" percent difference is based on the mean of the two values, and is reported as an
absolute value, i.e., always expressed as a pOSItive number or zero. (In contrast,
see percent dlﬁerence ) .

% RPD = |X - Y] * 100
X+ Y)i2

Whére: X =value 1
Y = value 2

422 Sahwple — A portion of material supplied by the client for analysis.

5.0 INTERFERENCES

5.1 Substances that can reduce Cr (V1) upon acidification (cyanides, thiosulfate,
organic matter) will cause negative interferences in the determination of Cr (VI).

5.2 In order to correct for sample color interference, any samples that are determined

- by this method to contain Cr (VI) are analyzed again but without the addition of the

color reagent. This “color blank” value is subtracted from the original analytical
result to account for indigenous sample color.

6.0 SAFETY

6.1 Eye protection must be womn at all times while in the laboratory.

6.2 Lab coats and gloves are recommended Avoid direct contact with reagents,
standards, and/or sampies

6.3 Consult the Material Safety Data Sheets (MSDS) for each chemical used for
information regarding fire hazard, toxicity, first aid, storage, disposal, spill
procedures, and recommended protective equipment.

6.4

Chemicals having the potential o produce toxic fumes must be handled in a fume
hood. :

7.0 EQUIPMENT AND SUPPLIES

7.1
7.2
7.3

7.4

All volumetric glassware used shall be ASTM Class A.
Analytical balance
Glass microfiber filters

1000 mi, 500 ml, and 250 mi volumetric flasks
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7.5 Oxford 1-5 and 5-10 mi autopipettes

7.6 Lachat QuikChem 8000 FIA instrument including sampler, multichannel
proportioning pump, reaction manifold, colorimetric detector, and data system.

7.7 13 x 100 mm disposable borosilicate glass culture tubes

7.8 Magnetic stirrer and stir bars

8.0 REAGENTS AND STANDARDS

8.1 All reagents used must be analytical reagent (AR} grade or higher. All standards
must be traceable to NIST, when available. Certificates of traceability must be
obtained from the manufacturer. All reagents and standards must be documented
in the appropriate prepara’uon logbook.

8.2 Reagenis

8.2.1 Lab pure water

8.2.2 Sulfuric acid, conc. H;50, |
8.2.3 Isopropanol

8.2.4 Color Reagent: in a 1L volumetric flask, dissolve 0.40 g s-diphenylcarbazide in
200 mi isopropanol. Stir with magnetic stirrer untif dissolved. Then add 720 ml
water and 80.0 mi conec. sulfuric acid. Dilute to mark with water and mix with a
‘magnetic stirrer, )

8.3 Standards
8.3.1 Stock Calibration Standard, 1000 mg/l: Obtain from vendor.

8.3.2 Intermediate Calibration Standard, 20 mg/l: In a 250 ml volumetric flask, dilute
5.0 mi of the stock calibration standard to the mark with DI water.

8.3.3 Working Calibration Standard, 0.400 mg/l: In a 500 ml volumetric flask, dilute
10.0 ml of the intermediate calibration standard to the mark with DI water.
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8.3.4

8.3.5
8.3.6

8.3.7

SOP 1D: Cr+8(3)
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Prepare the calibration curve using the 0.400 mg/l standard and the following
* standards that are made from the 0.400 mg/l.

ml. of 0.400 | Final Final

mg/l Std. Vol.,, ml | Cone., mgfl
50 _ 0.200

25 ' 0.100

12.5 100 0.050

25 0.010

1.25 0.005

0 A 0

Stock Verification Standard, 1000 mg/!: This standard must be of a separate
source or lot number from that used for calibration.

Intermediate Verification Standard, 20 mg/l: In a 250 mi volumetric flask, dilute
5.0 ml of the stock verification standard to the mark with DI water.

Working Verification Standard, 0.200 mg/l: In a 500 ml volumetric flask, dilute 5.0
ml of the intermediate verification standard to the mark with Dl w_ater.

9.0 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES

9.1

9.2

9.3

10.0

The client or other trained personnel collect samples. Samples received at the
laboratory are considered representative unless otherwise noted.

Samples should be coliected | in a plastic container. Preservatlon consists of
storage in the range of 0.1-6°C.

Analysis must be performed within the maximum allowable hold time of 24 hours
from collection.

QUALITY CONTROL

101

10.2

An Initial Demonstration of Capability study must be performed prior to the initial
analysis for each analyst and whenever substantial change has occurred in the
procedure or instrument. Analyze four separate standards prepared in the range
of 8-10 times the method detection limit listed in section 14.0. These standards
must be from a source different from that used for calibration and taken through

the entire analytical procedure. Submit the data to the QA department for
evaluation.

A Method Detection Limit study must be performed for each new procedure,
annually thereafter, and whenever a change in instrument occurs. Analyze a
minimum of seven {maximum of ten) standards prepared in the range of 2-5 times
the method detection limit listed in section 14.0 or an estimated detection limit.
These standards must be taken through the entire analytical procedure Submit
the data to the QA department for evaluation.

Page 8 of 11
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10.3

10.4

10.5

10.6

10.7

10.8

SOP ID: Cr+6(3)
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A Calibration Verification Standard must be analyzed immediately after calibration,
after every 10 samples, and after the sample. Acceptance criteria are 90.0 —
110% recovery. If acceptance criteria are not met, reanalyze. If reanalysis fails to
meet the acceptance criteria, stop analysis and recalibrate or report data with an
appropriate qualifier. Samples associated with a verification that fails with positive
bias can be reported if the sample concentration is a non-detect.

A Calibration Verification Blank sample must be analyzed after each calibration

- verification standard. The acceptance criteria are < PQL. if the acceptance

criteria are not met, reanalyze. If reanalysis fails to meet the acceptance criteria,
stop analysis and recalibrate. If the blank does not meet the acceptance criteria,
all samples < PQL or greater than 10 times the blank contamination may be _
reported. All other environmental samples must be reanalyzed or reported with an

appropriate qualifier.

._A Method Blank must be analyzed with each batch of maximum 20 digested

samples and at a minimum of one per day digested. Acceptance criteria are <
PQL. If the acceptance criteria are not met, reanalyze. If reanalysis fails to meet
the acceptance criteria, stop analysis and recalibrate. If the blank does not meet
the acceptance criteria, all samples < PQL or greater than 10 times the blank
contamination may be reporied. All other environmental samples must be
reanalyzed or reported with an appropriate qualifier.

A Laboratory Controf Sample must be analyzed with each batch of maximum 20
digested samples and at a minimum of one per day digested. Acceptance criteria
are 80.0 — 120% recovery. |f the acceptance criteria are not met, reanalyze. If
reanalysis fails to meet the acceptance criteria all environmental samples must be
reprepared and analyzed or reported with an appropriate qualifier. If the LCS fails
with high bias, samples having a non-detectable concentration may be reported
without qualification.

A Matrix Spike and Matrix Spike Duplicate sample must be analyzed with each
batch of maximum 20 samples and at a minimum of one per day. Acceptance
criteria for the MS are 85.0 — 115% {(waters) and 75.0 — 125% (solids} recovery for
accuracy, and < 20.0% RPD for precision. If the acceptance criteria for either,
accuracy or precision, are not met, reanalyze. If reanalysis fails to meet the
acceptance criteria the sample and its MS/MSD must be reprepared and analyzed
or reported with an appropriate qualifier.

Applicable to digested samples only, a Post Digestion Spike sample must be

analyzed with each MS/MSD that do no meet the accuracy recovery criteria.

Acceptance criteria are 85.0 — 115%. if the acceptance criteria are not met, _
reanalyze. !f reanalysis fails to meet the acceptance criteria the sample and its
MS/MSD must be reprepared and analyzed or reported with an appropriate '
qualifier.

11.1

11.0 CALIBRATION AND STANDARDIZATION

Perform the required preventative maintenance as necessary.

Page ¢ of 11
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11.8

11.9

SOP ID: Cr+6(3)
Revision: 3
Revised Date: 06/08/2001
Install the Lachat Cr (V1) manifold on the instrument in the Channel 2 position.
Insert the 540 nm interference filter into detector module and connect sample loop
(150 em) in injection valve at the 1 and 4 positions. Detach pump tubing at the
pump tube adaptor on the carrier line. Insert the tubing that is still attached to the
manifold into the number 3 position on the injection valve and then attach the
tubing from the number 2 position on the valve to remaining carrier line. Attach
reagent and sample lines to pump with cassettes and switch on power to the

instrument.

Load autosampler tray with standards and samples.
Log into Omnion. Open the Cr (V1) method and the tray.

Place reagent lines into DI water and pump through manifold until ana!yéis is ready
to start at which time the lines are placed into appropriate reagent containers.

Check for leaks and smooth flow.

Place the working calibration standard on the autosampler. Calibrate from high to
low concen_tration. :

Place reagent transmission lines into the appropriate containers and allow to pump
through manifold until a stable baseline is achieved.

Select Run Tray.

11.10Check the linearity and replication of the calibration curve. Acceptance criteria are

r>0.995. If calibration is acceptable, continue with sample analysis. If calibration
is not acceptable, recalibrate.

12.0 PROCEDURE

12.1

Place samples on the autosampler tray and continue with analysis as descrlbed in
the Calibration section.

13.0 CALCULATIONS AND DATA HANDLING

13.1

After review, enter final results into the LIMS system.

13.2 The instrument ca[cuiateé the concentration of an agueous sample by comparison

against the calibration curve. Calculate the sample concentration of solid samples
as follows: :

Cr®, mghkg = (A)(B)/ C
where: A = concentration measured in mg/l

B = final volume of digestate, mi
C = sample size, g

Page 10 of 11
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SOP ID: Cr+6(3)
Revision: 3
Revised Date: 06/08/2001

14.0 METHOD PERFORMANCE

14.1 Method Detection Limit
The latest MDL study yielded the following data:

n= 7 .
Standard Deviation (o) . ug/l
Spiked Concentration ug/l
Average Concentration ug/l
Average Recovery %
Calculated MDL ug/l

14.2 Initial Demonstration of Capability
A typical IDC study will yield data similar to:

N = 4
Standard Deviation (a,.4) ug/l
Spiked Concentration | ug/
Average Concentration ug/l
Average Recovery %

15.0 POLLUTION PREVENTION

" 15.1 The quantity of chemicals purchased should be based on expected usage during
their shelf life and the disposal cost of unused material. ’ '

' 15.2 Prepare the minimum amount of reagent and standard necessary.

16.0 WASTE MANAGEMENT

16.1 Dispose of any resulting residue, digestate, or extract in accordance with local
sanitary regulations.

16.2 Additional sample shall be disposed of properly following the completion of
analysis and an appropriate additional holding time.

17.0 REFERENCES

17.1 SW-846 Method 7196A
17.2 Stahdard Methods Method 3500-Cr D, 18" ED

17.3 SW-846 Method 3060A

~ 18.0 TABLES, FORMS, CHECKLISTS, AND OTHER ATTACHMENTS

Page 11 of 11
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1.0 OVERVIEW

In May 2000, the City of Gary received a Brownfields Assessment Demonstration Pilot Grant from the
United States Environmental Protection Agency (USEPA). The goal of the Pilot is to work with ﬂle
City’s partners to identify, assess, and redevelop local brownfields within the approximately 200-acre
J-Pit Redevelopment (Sites Site), which are located within the 8,200 acre Airport Development Zone.
The area is comprised of the approximately 100 acre Greenspace Site (a former sand mine known as
the J-Pit), and about 100 adjacent acres of abandoned and undeveloped property (Pilot Site). The J-Pit
site is at the center of a proposed light industrial, commercial and greenspace complex. The proposed
restoration plan for the J-Pit is to fill it with groundwater to form a lake. The banks of the new lake
would be restored through plantings and construction of wetlands, and a trail would be constructed

around the lake, which would connect to the industrial/commercial complex and a new city park

adjacent to the site.

This document presents the Quality Assurance Project Plan (QAPP) for the Limited Phase I
Environmental Site Assessment (Phase 11 ESA) activities at the J-Pit Redevelopment sites (the Site)
located in the City of Gary, Lake County, Indiana. The purpose of this field mvestigation is to perform
a Limited Phase II Environmental Site Assessment (Phase II ESA). The QAPP has been prepared on
behalf of City of Gary by Baker Environmental, Inc. (Baker). Integral to the QAPP are the Health and
Safety Plan (HASP), the Sampling and Analysis Plan (SAP), the field standard operating procedures
(SOPs), the laboratory accreditation and laboratory SOPs, and the Resumes of Key Personnel are
included in Appendices A, B, C, D, and E respectively. The distribution list is provided in Table 1-1.

1.1 Project Organization

The elements of the quality assurance and management responsibilities of key project personnel
including the organization structure are defined below. The organizatiomal structure and lines of

authority of the key personnel for the City of Gary J-Pit Redevelopment Project are outlined in Figure
One.



J-Pit Redevelopment Site
QAPP

Revision 1

Date: July 2002

Section 1.0

Page 2

Project Management g/

-
U.S. EPA - Project Manager and QA Reviewer Q\ _
The U.S. EPA Brownfield Project Manager and QA Offfsgr for this project is Jan Pels. Ms. Pels will

be responsible for Agency Coordination and oversight for the project as well as oversight of quality

assurance and laboratory issues.
City of Gary

Project Manager
The City of Gary Project Manager will be Ms. Mary Mulligan. Ms, Mary Mulligan, the brownfield
specialist for the City, is responsible for project direction concerning technical issues and strategies,

setting work assignments for consultants, report writing and budgeting,

Coordinator
Dorreen Carey will assist Ms. Mulligan with project direction particularly with the greenspace

development and wetland issues.
Baker Environmental

Baker Project Manager

The Baker Project Manager will be Rick Spitaler. Mr. Spitaler has overall responsibility for ensuring
that the project meets USEPA and IDEM objectives and Baker’s quality standards. The Baker Project
Manager will report directly to the City of Gary and is respensible for menitoring technical, cost and
schedule performance. Mr. Spitaler will also be responsible for overseeing the writing of the report

and provide oversight of health and safety.

Baker Technical Manager
The Baker Technical Manager for the project will be Jim Peyton. Mr. Peyton will assist the Project

Manager with the project design and costing.
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Baker Quality Assurance Manager

The Baker QA Manager is Mr. Thomas (Tom) Noble. Tom is responsible for ensuring that all
regulatory and Baker procedures for this project are being followed. The QA Manager is- also
responsible for review of data, auditing the implementation of the QA program, reporting on adequacy
and status of the program. It should be noted that the Baker QA Manager is outside the line of
management. This allows him the ability to immediately address any noncompliant concerns that arise.

The Baker QA Manager will perform Field Audits during on-site activities.

Data validation will be conducted by ECT Consuitants. Following receipt of the validation report, the

Baker QA Manager will perform a data assessment.

Baker Data Management Officer
Baker Environmental Data Management Officer, Ms. Margaret (Peggy) James, will act as the data

management officer for the project and will be responsible for the organization and compilation of data

including computerized formats.

Baker Field Team Leader
The Baker Field Team Leader is the Project Manager for this project. The Field Team Leader (FTL) 1s
responsible for leading and coordinating the day to day-activities of various resource specialists. The

FTL will be responsible for implementing The sites Health and Safety Plan.

Field Technical Staff

The Technical Staff for this project will be drawn from Baker’s pocl of resources in the Merrillville,
Indiana Office. The technical team staff will be utilized to gather and analyze data, and to prepare
various task reports and support materials. All of the designated technical team members are
experienced professionals who possess the degree of specialization and technical competence required
to effectively and efficiently perform the réquired work. The sampling team will assist the Field Team

Leader as needed with sample collection, packaging, and calibration of field instruments.
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Additional Services
Additional support services including hydrogeologists, engineers, and risk assessors are available on an

as needed basis from Baker’s Chicago Office and Corporate Headquarters in Pittsburgh.
V-3 Consultants

V-3 Project Manager
The V-3 Project Manager will be Mr. R. Damon Lee. Mr. Lee will act as co-manager in development
and writing of Phase 11 ESA reports and will be responsible for wetlands assessment and site surveying.

Mr, Lee will report directly to the City of Gary.

V-3 Wetlands Assessment Team Leader
The wetlands Assessment Team Leader will provide an assessment of wetlands issues and will be

directly responsible to the V-3 Project Manager.

V-3 Survey Team Leader
V-3 Survey Team Leader and staff will be responsible for surveying of wells and other selected sample
points for the Phase 11 ESA and the wetlands assessments and will be directly responsible to the V-3

Project Manager,
Laboratory - Sima International Laboratory (Sima)

Laboratory Project Manager

Sima Laboratory Project Manager, Ms. Michelle Dilley, will be responsible for ensuring that the
laboratory fulfills the analytical needs of the project. She will ensure that the Iaboratory performs the
QA/QC in accordance with Data Quality Objectives. The Project Manager will be responsible for
ensuring resources of the laboratory are available on an as-required basis and provide an overview of

final analytical reports
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Quality Assurance Manager

Jeff Loewe is the Quality Assurance Manager for Sima Laboratories, Mr. Loewe will be responsible
for making sure that the necessary systems are in place to meet the project data quality objectives, as
defined by this QAPP. He will also be responsible for evaluating data quality, laboratory audits,
performing data reviews, and documenting training. The QA officer has the overall responsibility for
data after it leaves the laboratory. The QA officer will be independent of the laboratory management

but will communicate data issues through the Laboratory Project Manager.
1.2 Facility History/Background Information

The following subsections provide a description of the site regarding location, history, and previous

Investigations.
1.2.1 Facility History

The area is comprised of the approximately 100 acre Greenspace Site (a former sand mine known as
the J-Pit), and about 100 adjacent acres of abandoned and undeveloped property (Pilot Site). The
approximately 100 acres Pilot Site property is comprised of four individual sections that are located
east of Burr Street south of 15% Avemie, west of the EJ.& E. Railroad and north of 23™ Avenue in
Gary (Calumet Township), Lake County, Indiana. The site is within Sections 11, 12, 13 and 14,
Township 36 North, Range 9 West of the Third Principal Mendian. The site is in an area of mixed
usage including residential subdivisions, undeveloped properties, and some industrial areas (Figure 3-

).

In July 2001, Phase I ESAs were performed by Environmental Design International, Inc. for the
approximate 100 acre J-Pit Greenspace Site and adjacent Pilot Site parcels. The Pilot Site 1s comprised

of four Sections as described below:

e Section 1: This section consists of approximately 20 acres and is bound on the west by Hobart
Street, on the north by 15® Avenue, on the east by Dallas Street, on the southeast by the closed
Gary Municipal Landfill and on the southwest by the J-Pit.
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e Section 2: This section consists of approximately 15 acres south of the J-Pit and is bound on the
south by 21st Avenue, on the west by Colfax Street, on the north by 22nd Avenue, and on the east
by Fairbanks Street. The eastern fifth of the section contains a parcel formerly occupied by an auto

scrap yard.

¢ Section 3: This section lies directly south of the closed Gary Landfill and consists of
approximately 30 acres bound to the east by Colfax Street, Hamlin Street and King Street; to the
south by 21st Avenue; to the north by 23rd Avenue; and to the west by Calhoun Street.

e Section 4; This section encompasses roughly 40 acres and is bound to the north by 21st Avenue, to
the south by 23rd Avenue, to the west by Fairbanks Street, and to the east by the EJ&E Railroad

line.

Individual Phase I ESA reports were prepared for each of the Pilot Site Sections and the Greenspace
Site (i.e. five total reports). Several Recognized Environmental Concerns (RECs) were documented in
the Phase I ESA Reports. In general, some level of Phase I sampling was recommended for all five
parcels due to their proximity to the closed Gary Municipal Landfill, two Superfund sites (Midco I and
Oth Avenue Dump), several Leaking Underground Storage Tank (LUST) sites, and specific areas

judged to constitute on-site RECs as outlined below.

e Section 1: Although the parcel is predominantly vacant, two small buildings were observed on the
west side (south of 15th Avenue), an area historically used as a junk yard. Surface and buried

refuse, tires, an old bus, metal, plastic, and empty 55-gallon drums were observed.

e Section 2; Structures and scattered piles of debris including shredded tires, two empty 55-gallon
drums, and scrap metal were observed on the northeast side in the area of the former Paul's Auto
Yard (a scrap vard once located at 2124 Colfax); and LeRoy’s Used Cars (previously located at
2150 Colfax). In addition, scattered rubbish was observed along the boundary line with the J-Pit

area to the north.
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e Section 3: The north and northwest portions of this parcel were reportedly used in the past for car
repairs and dumping. Prior to 1990, the Gary Municipal Landfill did not have a slurry wall along
the approximatety 1,200 foot common property line. Active junkyards are located adjacent to the
parcel scuthwest. Bivona, Inc., to the southeast, was listed on the Toxic Release Inventory (TRI)
for Trichloroethane (TCE) and currently is enrolled in the IDEM VRP. Debris, scattered piles of
rubbish including shredded tires, and stressed vegetation were observed at various locations

throughout the site.

s Section 4: Partially buried construction debris was observed near the boundary fence of the J-Pit

(north border); and railroad tracks are located along the west border,

e Greenspace Site (J-Pif); At one time this site was used as a waste area operated by Waste

Management. An oily, rust-colored unknown substance was observed in an approximately 1,300
foot excavated ditch, located on the north side. Debris was observed along the perimeter including
tires, concrete piping, concrete, scrap metal, plastics, and some buried debris. Three partially
submerged monitoring wells were observed in water on the east side, as well as one well in the
southeast comner and one in the northeast corner of the site. A groundwater and leachate cellection
system for the closed Gary Municipal Landfill is located on the east side. The system piping 1s
seven feet in diameter, with three inlets from the south, north and northeast. Inlet piping runs
under vegetation in a ditch extending along the cast end of the parcel. The west wall of this ditch is
used as a service road. Stressed vegetation was observed along the wall of the diteh, five feet from

ihe bottom,

As part of the evaluation of site background, Baker reviewed aerial photographs from 1938, 1958,
1965, 1973, 1987 and 1992, acquired from the records of the Soil Conservation Distnict for Lake
County, Indiana. In 1938, the Site was part of a largely undisterbed dune ard swale topography typical
of the majority of the region, By 1958, the J-Pit sand mine (Section 5) and the Gary Municipal Landfill
were visible and apparently active. Subsequent photographs indicate periodic flooding of the J-Pit and

the emerging industrial ard semi-industrial development of the surrounding vicinity. The surrounding
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properties (Sections 1 to 4) remained largely undeveloped except for the construction of pre-

subdivision development roadways in Section 2 and some businesses along Colfax Avenue.
1.2.2  Site Geology/Hydrogeology

According to the 1992 United States Department of Agriculture (USDA) Soil Conservation Service
(SCS) Soit Survey of Lake County, Indiana, the site and immediate area are underlain by the Oakville-
Tawas complex and the Tawas Muck soils. The Qakville-Tawas complex is comprised of about 45
percent Oakville sand and 45 percent Tawas Muck. The Oakville sand is a black to yellowish brown,
excessively drained, fine sand located on narrow ridges. The Tawas muck s a black, deep, very poorlﬁ
drained organic muck underlain with a grayish-brown loose sand in depressions between the Oakville
sand ridges (1992, USDA, Léke County Soil Survey). The surface at the site has been heavily altered

by sand mining, filling, grading, spreading gravel and stockpiling activities.

The site 1s loca‘.ted at the boundary of lacustrine deposits of the Calumet Lacustrine Plain physiographic
region and the Toleston Beach complex. The Calumet Lacustriue Plain has been heavily altered due to
industrial and residential development. Where undisturbed, the area :s dominated by three relict dune-
capped beach ridges separated-by broad inter-ridge marshes. The Toleston Beach complex extends
from between the Little Calumet River and the Grand Calumet River to Lake Michigan and is
characterized by linear ridges of unified parabolic dunes interspaced with interdunal swamps (dune and
swale). The unconsolidated materials were deposited in the Wisconsin age, with a combined action of
ice, wind and water. The glacial deposits in the vicinity and swrrounding area have an estimated
thickness of 150 feet (1994, Department of Environmental Resources Water Resource Availability in
the Lake Michigan Region, Indiana).

The site is within the Calumet Aquifer System consisting of fine to medium sand with beach gravel
beds. Discontinuous beds of silt, clay and peat deposits confine the aquifer in some locales. The
aquifer is considered highly susceptible to surface contamination due to the lack of a clay cap or
separator beds (1994, Department of Environmental Resources Water Resource Availability in the
Lake Michigan Region, Indiana). Regional groundwater flow is anticipated to be to the north toward
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the Grand Calumet River and Lake Michigan, but due to the location of the site between the Grand

Calumet and Little Calumet Rivers, local groundwater flow may differ.

The unconsolidated soils are underlain by the Wabash Formation within the Kankakee Arch. The
Wabash Formation 1s comprised of reef and inter-reef Silunan delomite, dolomitic limestone and

argillaceous limestone (1994, USGS Hydrogeologic Atlas of Aquifers in Indiana).

1.3 Project Objectives

The City of Gary’s goal is to assess and develop the Site as part of the overall Airport Redevelopment
Zone. The goals of the Phase 11 ESA is to provide sufficient information with respect to the nature and

extent of contamination to assist in the redevelopment of the site. As part of the Phase II ESA the

following will be evaluated:

e Identify affected media (soil, groundwater, surface water and sediment);

e Identify Contaminants of Concern;

e Delineate the vertical and horizontal extent of contamination in each medium;

e Determine potential human and ecological receptors and exposure pathways; and

¢ Provide sufficient information to make preliminary decisions on remedies and defanlt and non-

default closure options for the source area(s).

In addition the Phase I ESA is to provide a determination for what additional areas may require further

investigation or may benefit from remedial action or risk assessment.

To achieve these project objectives, soil, groundwater, sediment and surface water samples will be
collected from these areas. Field and laboratory protocol will ensure that the data are technically and

legally defensible. All analytical data will be of quality such that it may be used quantitatively.



J-Pit Redevelopment Site
QAPP

Revision |

Date: Tuly 2002

Section 1.0

Page 10

1.4 Data Quality Objectives

The Data Quality Objective (DQO) Process is series of planning steps based on the Scientific Method
that is designed to ensure that the type, quality, and quantity of environmental data used in decision
making are appropriate for intended application. The steps of DQO process are included in Figure 3 of
this QAPP.

DQO are qualitative and quantitative statements derived from outputs of each step of the DQO

Process that:

s  Clarify the study objective;
o Define the most appropriate type of data to collect; and

¢  Determine the most approprate conditions from which to collect the data.

The DQO are-then used to develop a scientific and resource-effective sampling design.

The DQO Process allows decision makers to define their data requirements and acceptable levels of
decision during planning before any data are collected. DQO were based on the seven-step process

described in EPA QA/G-4 (September 1994) document and outlined in Figure 3.

The data quality objectives for this project are summarized in Table 1-2 and detailed below.

1.4.1 Problem Definition

The specific objectives of the Phase II ESA are to evaluate the recognized environmental conditions
identified in the Phase I ESA and those determined during Pre-field Phase I activities. As mndicated n
the Phase I ESA, several areas within each Section of the site were judged to constitute recognized
environmental concerns. In addition, the site is bordered by, or in the vicinity of, several properties
with recognized environmental concerns.  The potential areas of concern (PAOCs) for each Section

include the following:



Section 1
2

Section 2

®
°
Section 3
°
o
Section 4
°

J-Pit Redevelopment Site
QAPP

Revision 1

Date: July 2002

Section 1.0

Page 11

Scattered illegal dumping

Potential impact from down-gradient trucking facilities

Impact from former scrap yard operations

Scattered 1llegal dumping

Impact from off-site landfill and Bivona VRP site

Scattered illegal dumping

Scattered illegal dumping

Potential impact from side gradient trucking facilities

Section 5 (J-Pit)

Impact from off-site landfill
Scattered illegal dumping
Prior operations at J-Pit

Potential impact from side and down gradient trucking facilities

1.4.2 Identify the Decision

To proceed with the development process, the following will need to be determined:

Are contaminants present above human and ecological risk-based exposure levels in soil,
sediment, surface water and groundwater? '
Has a release occurred at arcas identified in Phase I ESA and during ongoing prefield
activities?

Is there migration of impacted groundwater from the landfill?

Is there an immediate or acute hazard?
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1.43 Identify Inputs to the Decision

The project goals are to meet the VRP residential and non-residential clean-up criteria, as defined in the
Voluntary Remediation Guidance Document, July 1996. The specific VRP cleanup criteria are the
identified contaminants of concern and others as defined in Tablel-2. In order to proceed with

development, several inputs to the decision process will need to be addressed. These include:

1. Develop a sampling plan that will obtain adequate samples to be representative of the concentration
of residual constituents at the Site.
2. Ensure that analytical methods are adequate to detect levels of constituents in media of concern at

or below the IDEM VRP-based screcning criteria.
1.44  Define Boundaries

The spatial boundaries of the Site consist of five Sections totaling over 200 acres (described in
preceding Sections). 'The J-Pit arca is bound to the east by the Gary Municipal Landfill and Calhoun
Avenue, to the west by the EG & E railroad tracks, to the north by Fifteenth Avenue and to the south
by 23" (see Figure 2). Internally, boundaries for PAOC are broken down into the following categories:

«  Areas known fo be contaminated
Areas identified in Phase I ESAs, scrap vard in Sections | and 2, J-Pit bermed area, groundwater
from Bivona and the Landfill,

o Areas that may be contaminated
J-Pit surface water impoundment, scattered dumping on north end of Section 3, along undeveloped
streets in Section 2, north end of Section 4.

v Areas unlikely to be contaminated

Section I, Section 4, J-Pit west of berm, west portion of Section 3, west portion of Section 4,

Seasonal data are not required to determine the presence or absence (i.e., release) of a constituent in the
soil or sediment. Groundwater data would be collected quarterly to address temporal boundaries for

gvaluation of potential groundwater evaluations.
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Practical constraints that may impede sampling will be considered (e.g., foundations, utihty lines or

process equipment).

The potential pathways for PAOC may include the following:

groundwater.

Unlined J-Pit:  air emissions, direct contact, contanunation of soils, and infiltration to

o Scattered illegal dumping: Asr emissions, direct contact, contamination of soils, and

infiltration to groundwater,

e Operations at the auto and scrap yards in Section 1. air emissions, direct contact,

contamination of soils, and infiliration to groundwater.

¢ Off-site groundwater impacts: air emissions, direct contact, contamination of soils, and

infiltration to groundwater.

145 Develop a Decision Rule

Based on the results of the Phase II ESA, the following objectives will be reviewed to determine a

decision rule.

Objective

Decision Rule

Were chemicals released to the environment

from the potential sources?

Yes: The PAOC continues n the VRP process
No: No further action 1s required.

Are the released chemicals present in the
environmental media above VRP-based

screening criteria?

Yes: The PAOC continues in the VRP process

No: No further action is required.

Do the quantitics of chemicals present
indicate a potential risk to human health or

the environment?

Yes: 'The PAOC continues in the VRP process
and the extent of contamination will be delineated.

No: No further action s required.
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If the entire site does not meet VRP criteria, then potential sections of the property may meet VRP

requirements and other portions may require further review and definition of boundares.

If the entire site does not meet VRP criteria, then the Phase II ESA will be reviewed to further define

areas of concern and define extent, fate and transport of chemical of concern within each area.
[.4.6  Specify Limits on Decision Errors

The possibility of decision error may occur as sampling design error and/or measurement error.
Although the possibility of decision error can never be totally eliminated, it can be minimized and
controlled. For this project, sampling and measurement decision errors are to be controtled. The VRP

default sampling scheme includes representation of the potential source release areas at the PAOC.

Measurement errors are controfled through the use of analytical methods that achieve reporting limits
fess than the conservative default remediation standards. The following describes the possible decision

errors and potential consequence of each error:

» Decision error based on a false positive (i.¢., the chemical concentration is identified as greater
than the VRP clean up objectives when in fact it is less than the standard). If this occurs, additional
characterization of the PAOC would be conducted when it is not warranted. This will neur
additional costs and potentially delay the schedule. This error, however, will ensure compliance

with the site-specific remediation standards and protection of buman health and the environment.

e Decision error based on a false negative (i.¢., The chemical concentration is identified as less than
the site-specific remediation standard when in fact it is greater than the standard). [If this ocours,
additional characterization that is warranted would not be performed. This error may lead to soil
with chemical concentrations greater than the site-specific remediation standards left in place. 'The

likelihood of a decision error based on a false negative is minimal for the following reasons:

The sampling program is biased toward known or suspected PAOC arcas where there Is the highest

probability of encountering a potential release.
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Samples will be collected per the VRP clean-up objectives at multiple locations in each PAOC to
ensure adequate positive-bias sampling of the potential source area. The analytical program will be
designed to be sensitive enough to record chemical concentrations below the VRP screening levels

as defined by IDEM VRP.
1.4.7  Optimize the Design for Obtamning the Data

In order to ensure obtaining usable quality data with the limited available historical data, reports, ete.,
the City of Gary has elected to use IDEM VRP sampling approaches with selection of the most

appropriate VRP clean-up goals upon known or suspected site conditions.

Effective measures include the use of Geoprobe® sample acquisition for the majonty of the field
sampling, use of test pits to target the PAOC and sample locations while still meeting the DQO
objectives. Additional field screening methodologies (VOCs screened with a phototonization detector)
can be very cost effective, but only if the potential parameter suite can be realistically reduced based on

site data.

Sampling rationale and locations are located in Appendix B (SAP). Sample identification, number,

parameters and frequency are in Table 1-3 in Appendix B.
1.5  Measurement Performance Criteria

The PARCC parameters (precision, accuracy, representativencss, comparability, and completeness) are
qualitative and/or quantifative statements regarding the quality charactenstics of the data used to
support project objectives and ultimately environmental decisions. These parameters are presented in

this section.
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1.5.1 Precision
Definition: Precision is a measure of the degree to which twoe or more measurements are in agreement.
1.5.1.1  Field Precision Objectives

Field precision is assessed through the collection and measurement of field duplicates at a rate of 1
duplicate per 20 or fewer analytical samples per matrix. The frequency of matrix spike/matrix spike
duplicates (MS/MSDs) that are collected in the field for laboratory precision purposes will be collected
at a rate of one MS/MSDs per 20 analytical samples per matrix. The total number of duplicates and
MS/MSDs for this project are found in Summary Table of Sampling and Analysis Program (Table 1-4).

1.5.1.2 Laboratory Precision Objectives

The degree of agreement between the numerical values of a set of duplicate samples performed in an
identical fashion constitutes the precision of the measurement. Precision of laboratory analysis will be
assessed by comparing the analytical resulis between MS/MSD samples for organic analysis .and

taboratory duplicate analyses for inorganic analysis. Precision will be reported as a relative percent

§-D

WRPD = ———
(S + D)2

difference and will be calculated for each pair of duplicate analysis using Equation 13-2.
Where:

% RPD = Relative percent difference.
S = First sample value (MS$ for organics and initial sample result for inorganics).

D = Second sample value (MSD for organics and method duplicate for inorganics).
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152 Accuracy
1.5.2.1 Definition:
Accuracy is the degree of agreement between an observed value and an accepted reference value.

1.52.2  Field Accuracy Objectives

Accuracy in the field will be assessed through the use of equipment rinsate samples and trip blanks and

throngh the adherence to all sample handling, preservation and holding times.
1522 Laboratory Accuracy Objectives

Laboratory accuracy is assessed through the analysis of matrix spikes of standard reference materials
and the determination of percent recoveries. Analytical accuracy is expressed as the percent recovery
of an analyte that has been added to the sample or standard matrix (i.e, blank) at a known
concentration before analysis. The percent recovery of matrix spike samples will be calculated using

the following equation:

%R =ié£XJUU

% R = Percent recovery
A = The total analyte concentration determined experimentally from the spiked sample.
B = The background level determined by separate analysis of the unspiked sample.

C = Amount of the spike added.

Accuracy control limits are given in Table 1-2 and included in the SOPs in Appendix D. During the
course of the Phase II ESA, these objectives may be revised with client approval in light of matrix

interferences or other factors not fully accounted for in the EP A Methods and laboratory SOPs.
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1.53 Completeness
1.5.3.1 Definition:

Completeness is a measure of the amount of valid data obtained from a measurement systern compared

to the amount that was planned to be obtained under normal conditions.
1.5.3.2 Field Completeness Objectives

Field completencss is a measure of the amount of valid measurements obtained from all the
measurements taken in the field during the RD for each parameter in a given matrix. The equation for

completeness is presented below.

Completeness = Valid Data Obtained ¥ 100
Total Data Plapned

The field completeness goal for this RD is 90 percent or greater.

1.5.3.3 Laboratory Completeness Objectives

Laboratory completeness is a measure of the amount of valid measurements obtained from all the
measurements taken in the laboratory during the project for cach parameter in a given matrix. The
equation for completeness is presented above. The laboratory completeness goal for this project is 95

percent or greater.
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1.5.4 Representativeness
1541 Definition

Representativeness expresses the degree to which data accurately and precisely represent a
characteristic of a population, parameter variations at a sampling point, a process condition, or an

environmental condifion.
1.54.2 Measures to Ensure Representativeness of Field Data

Representativeness is dependent upon the proper design of the sampling program. To e¢nsure a
representative soil sample after the collection of VOC samples all soil will be placed in a stainless steel

bowl and homogenized prior to filling the respective laboratory-prepared jars.

After the purging of each well volume pH, specific conductivity, and temperature measurements will
be recorded. (Once three consecutive measurements are within ten percent of each other groundwater
samples will be collected. These procedures are conducted in order to ensure representativencss of the

samples.

For complete discussion of sampling refer to the SAP (Appendix B) and associated field sampling and
field instrument Standard Operating Procedures (SOPs Appendix C).

1.5.43 Measures to Ensure Representativeness of Laboratory Data

Representativeness in the laboratory will be satisfied by using the proper analytical procedures,
meeting sample holding times and analyzing and assessing field duplicate samples. The sampling
network was designed to p_rovide data representative of site conditions. During development of this
network, consideration was given to past waste managenent practices, existing analytical data, and
physical setting and processes. The rationale of the sampling network is provided in Section 2.4 of the
QAPP and in the SAP (Appendix B).
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1.5.53 Comparability
1551 Definition:

Comparability is an expression of the confidence with which one data set can be compared with

another. Comparability is also dependent on similar QA objectives.
1.5.5.2  Measures to Ensure Comparability of Field Data

Comparability is dependent upon the proper design of the sampling program and will be satisfied by
ensuring that the SAP is followed and that proper sampling techniques are used.

1.5.3.3 Measures to Ensure Comparability of Laboratory Data

Planned analytical data will be comparable when similar sampling and analytical methods are used and

documented in the QAPP. Comparability 1s also dependent on similar QA objectives.
1.5.6 Level of Quality Control Effort

Equipment rinsates, trip blanks, method blanks, duplicates and standard reference materials including
matrix spike and surrogate samples will be analyzed to agsess the quality of the data resulting from the

field sampling and analytical programs.

Equipment rinsates and trip blanks consist of analyte-free water which will be submitted to the
analytical laboratories to provide the means to assess the quality of the data resulting from the field
sampling program. Equipment rinsate samples are analyzed to check for equipment decontamination
procedures which may cause sample contamination. Trip blanks will be used in conjunction with off-
site aqueous VOU samples to assess the potential for cross-contamination during sample shipment and
storage. Trip blanks prepared prior to the sampling event in the actual sample containers and are kept
with the investigative samples throughout the sampling event. They are then packed for shipment with

other samples and sent for analysis. There should be one trip blank included in each sample shipping
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container that has aqueous VOC samples. At no time after their preparation are the sample containers

for trip blanks opened before they reach the laboratory.

Method blank samples are generated within the laboratory and used to assess contamination resulting
from laboratory procedures. Duplicate samples are analyzed to check for sampling and analytical
reproducibility. Matrix spikes provide information about the effect of the sample matrix on the
digestion and measurement methodology. All matrix spikes are performed in duplicate and are
heremafter referred to as MS/MSD samples. One MS/MSD will be collected for every 20 samples per

matrix. MS/MSD samples are designated/collected for metals and organic analyses.

MS/MSD samples are investigative samples: that 1s, actual matrix sample is collected in the field. Soil
MS/MSD samples require no extra volume for VOCs or inorganics. However, aqueous MS/MSD
samples must be collected at triple the volume for VOCs and double the volume for inorganics. One
MS/MSD sample will be collected or designated for every 20 investigative samples per sample matrix

(i.e., groundwater, soil).

The general level of the QT effort will be one field duplicate per 10 investigative samples per sample
matrix and one equipment rinsate blank per 20 samples per sample matrix. One VOC trip blank
consisting of analyte-free reagent grade (Type II) deionized water will be included along with each

cooler of aqueous VOC samples.

The number of QC samples to be collected for Section 2.5. Sample collection procedures for the QC
samples are specified in Section 3.0 of the SAP (Appendix B) and the SOPs in Appendix C. Tabie 1-2

contains the reporting limits for organic and inorganic parameters for the off-site laboratory.
1.6 Special Training Certification and Records

All personnel will be traimed in accordance with OSHA’s 29CFR 1910.120 regulation covering
Hazardous Waste Operations and Emergency Response. Further discussion of health and safety
training is provided in Appendix A. No additional training or certification is required for the sampling

conducted during the Phase I1 Investigation.
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1.7 Documentation and Records

The QAPP project data and information will be documented, tracked and managed from their
generation in the field to final use and storage in a manner that ensures data integrity and defensibility.
All field data will be documented in field log books and all laboratory records maintained. Further
description of field, laboratory and final evidence file documentation is described in Section 2.4
(Sample Handling and Custody Requirements) and outlined in the F300 Documentation Section of the
SOPs in Appendix C of the QAPP. Included in this Section are the following: Sample Preservation and
Handling (F301), Chain of Custody (F302), Field Logbook SOP (F303) and QA/QC Samples (F304).

1.8 Schedule

See Figure 4 for the Project Schedule.
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2.0 DATA GENERATION, ACQUISITION AND REPORTING
21 Sampling Process Design

The sampling procedures to be used in for this project are consistent with the objectives of this project.
Please refer to Section 3.0 of the SAP located in Appendix B. The SAP outlines all the sampling

design and procedural information.
2.2 Analytical Methods Requirements

The project laboratory will implement the project required analytical SOPs. These laboratory SOPs
for sample preparation and analysis are based on SW-846 Third Edition, June 1997, and for all final
updates, Laboratory Specific SOPs have been developed for each routine analytical procedure. These
SOPs detail the steps performed at SIMA LABs. The analytical speciiic SOPs for analysis are included
as Appendix D. These include Aqueous and Non-Aqueous sample preparation and sample analysis for

Organic and Incrganic analysis.
2.3 Sampling Methods Requirements
Sampling

During the Phase Il ESA surface soil, subsurface soil, groundwater, surface and sediment samples will
be collected. Collection methods and procedures that will be used during the investigation are defined

in the following groups of SOPs. Field SOPs are provided in Appendix C of the QAPP.

Drilling and Sampling methods are defined in SOPs: F101 (borehole and sample logging), F102 Soil
and Rock Sample Acquisition, F103 Monitor Well Installation, F104 Groundwater Sample Acquisition,
F105 Surface Water and Sediment Acquisition, F106 Test Pit and Trench Excavation, , F107
Wastewater Sample Acquisition, F108 Drum Sampling.
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Decontamination and Waste Handling F501Decontamination of Drilling Rigs and Monitoring Well
Materials, F502 Decontamination of Sampling Well and Monitoring Equipment, F504 Handling of Site
Investigation Wastes

Field Testing, maintenance and inspection requirements F401 Aquifer testing, F402 Slug Testing,
F201 On-site Water Quality Testing, F201Water jevel, F202 Water —Product Level, and Well Depth

Measurements, , F203 Photoionization detector, F204 Flame Ionization detector.

Pre-preserved or non-preserved sampie containers wiil be supplied by the laboratory (Table 2-1) and

will be level 1 certified pre-cleaned sample containers, which are QC checked by the manufacturer.

2.4 Sample Handling and Custedy Requirements

Custody is one of several factors which is necessary for the admissibility of environmental data as
evidence in a court of law. Custody procedures help to satisfy the two major requirements for
admissibility: relevance and authenticity. Sample custody is addressed in three parts: field sample
collection, laboratory analysis, and final evidence files. Final evidence files, including all originals of
jaboratory reports and purge files, will be maintained under document controi in a secure arcas at Baker
Environmental, Inc. Merillville, Indiana and at the City of Gary.

A sample or evidence fije is under your custody if:

« The item is in actual possession of a person
e The item is in the view of the person after being in actual possession of the person
¢ The item was in actual physical possession but is focked up to prevent tampernng

e The item is in a designated and identified secure area

For this project, proper chain-of-cusiody documentation wiil be maintained for all samples from the
time of collection until they are shipped to the laboratory. Chain-of-custody sheets accompanying the
samples will contain the following information: project number, sampler(s) name, sample members,
number of containers, method(s) of preservation of samples, date and time of sample collection,

analysis(es) requested, date and time of transportation to the laboratory, method of transportation, and
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any other information pertinent to the samples. Sample documentation will be prepared in Baker’s

SOP for sample chain-of-custody 1s imncluded in Appendix C (F302).

Field Custody Procedures

Field logbooks will provide the means of recording data collection activities. As such, entries will be
described in as much detail as possible so that persons going to the facility could reconstruct a

particular situation without reliance on memory.

Field logbooks will be bound, field survey books or notebooks. Logbooks will be assigned to field
personnel, Each logbook will be identified by the project-specific document number.

The title page of each logbook will contain the following:

e Person to whom the logbook is assigned
e Logbook number

e Project name

e Project start date

e End date

Entries into the logbook will be made in indelible ink. At the begimung of cach entry, the date, start
time, weather, names of all sampling team members present, level of personal protection being used,
and the signature of the person making the entry will be entered. The names of visitors to the site, field

sampling or investigation team personnel and the purpose of their visit will be recorded in the field

logbook.

Measurements made and samples collected will be recorded. All entries will be made in indelible ink,
signed, and dated and no erasures will be made. If an incorrect entry is made, the information will be
crossed out with a single strike mark which is signed and dated by the sampler. Whenever a sample is

collected, or a measurement is made, a detailed description of the location of the station shall be
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recorded, The number of the photographs taken of the station, if any, will be noted. All equipment used

to make measurements will be wdentified, along with the date of calibration.

Samples wilt be collected following the sampling procedures documented in the SAP in Appendix B
and the SOPs in Appendix C and Table I-3. The equipment used to collect samples will be noted,
along with the time of sampling, sample description, and depth at which the sample was collected.
Sample site-specific identification number wil! be assigned prior to sample collection. The site-specific

sample number should consist of the following:

e  Subsurface soil samples will be designated with a SB prefix (for soil bo-ring) and boring number
followed by the individual sample number from that location. An example of this would be SBO1-
01, where SB indicates a soil boring, 01 indicates that first boring in the series, and —01 designates
the first sample collected from that boning. Residential water samples will be indicated by RW
prefix.

o Monitoring wells installed during the investigation will have an MW prefix followed by the
number designation. Groundwater samples collected from the initial sampling event, conducted

after the installation of the new wells, will be simply designated by the well number (1.e., MW-01).

s The surface water sample to be collected will have an SW prefix and sediment will have a SD

prefix,

« Sample from which QA/QC samples were collected will have the suffix of D for duplicate or
MS/MSD for matrix spike/matrix spike duplicate attached to the sample designation. Equipment
rinsates will be designated by the prefix RB and a sequential numAber while field blanks will be
designated by a FB prefix and trip blanks with a TB prefix,

s The sample packaging and shipment procedures summarized below will ensure that the samples
will arrive at the laboratory with the chain of custody intact. Examples of field custody procedures

are provided below.
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The ficld sampler is personally responsible for the care and custody of the samples until they are

transferred or properly dispatched. As few people as possible should handle the samples.

All bottles will be identified by use of sample labels with sample numbers, sampling locations,

date/time of collection, and type of analysis.

Sample labels are to be completed for each sample using waterproof ink unless prohibited by
weather conditions. For example, a logbook notation would explain that a pencil was used to fill

out the sample label because the ballpoint pen would not fanction in freezing weather.

Samples are accompanied by a properly completed chain of custody form. The sample numbers
and locations will be listed on the chain of custody form. When transferring the possession of
samples, the individuals relinguishing and receiving will sign, da_te, and note the time on the record.
This record documents transfer of custody of samples from the sampler to another person, to a

mobile laboratory, to the permanent laboratory, or to/from a secure storage area.

Samples will be properly packaged on ice at 4°C for shipment and dispatched to the appropriate
laboratory for analysis, with a separate signed custody record enclosed in and secured to the inside
top of each sample box or cooler. Shipping containers will be locked and secured with strapping
tape and custody seals for shipment to the off-site laboratory. The preferred procedure includes use
of a custody seal attached to the front right and back left of the cooler. The custody seals are
covered with clear plastic tape. The cooler is strapped shut with strapping tape in at least two
locations. Since shipping containers for the on-site Iab will be hand delivered by the Field Team

Leader, custody seals are not required.

All shipments will be accompanied by the Chain of Custody Record identifying the contents. The
original record will accompany the shipment, and the pink and yellow copies will be retained by

the sampler for returning to the sampling office.

If the samples are sent by common carrier, a bill of lading should be used. Receipts of bills of

lading will be retained as part of the permanent documentation. If sent by mail, the package will be
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registered with retam receipt requested. Commercial carriers are not required to sign off on the
custody form as long as the custody forms are sealed inside the sample cooler and the custody seals

remain intact.
o Samples will be present at the offtsite laboratory within one day of sample collection. Samples
collected and kept overnight (i.e., not sent to the lab the same day the sample was collected) will

remain in the custody of the Field Team Leader. Samples will be refrigerated and secured.

Laboratory Custodv Procedures

At Sima, the transfer of sample custody is documented on the COC. A completed COC must
accompany all samples collected in the field for laboratory analysis. The sample receipt department
Treceives all samples into the laboratory. All sample containers are visually inspected for bottle
breakage and other abnormalities. Any abnormalities are documented in the LIMS "ChkList” feature.
Any discrepancies between the sample container identification and the COC are noted m the LIMS.
Client name, address, contact person, name and signature of sample eollector, sample description, date
and time of sample collection, number of containers, matrix, requested analysis and a relinquishing
signature are required information on the COC. The LIMS "ChkList" form 1s used to document the
carrier name, condition of the cooler, custody seals (if present), sample containers, presence of required
COC information, chemical preservation, receipt temperature of samples, as well as 1f the samples are
received chilled, on ice, in acceptable containers and within proper holding time. Information on rush
samples or samples in danger of exceeding hold times are immediately forwarded to the approprate
Project Manager. The sample receipt temperature is measured using a temperature blank sample. If a
temperature blank is not available, the measurement of a single representative sample container is
performed. The acceptance criteria for receipt temperature are 0.1 - 6 C. Samples that are delivered
within 2 hours of collection are considered acceptable if there is evidence that the chilling process has
begun (c.g., ice or cooler packs are present). The sample control personnel sign the COC form prior to

sample information being logged into the LIMS.

The Laboratory Project Manager will notify the client of any problem with a sample. This notification

will be documented by the laboratory.
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All samples received at the laboratory are logged into the LIMS. The LIMS assigns a unique
laboratory sample number to each sample. Moreover, each container for a given sample is issued a

unigue container identification number,

Login personnel determine which analysis 1s required for a given sample from the information provided
on the COC.

The sample COC, LIMS "ChkList" form and any other shipping paperwork are placed into a project
file which is given to the Project Manager.

Final Evidence Files

The final evidence file will be the central repository for all documents which constitute evidence
relevant to sampling and analysis activities as described in this QAPP. Baker is the custodian of the
evidence file for the City of Gary and maintains the contents of evidence files for the site in a secured,
limited access area and under custody of the Baker Project Manager. The information from the files

will be available to the City of Gary upon request. After five years Baker will be responsible for
archiving the files.

The final evidence file will include at 2 mimimum:

o field logbooks

¢ field data and data deliverables
e photographs

¢ drawings

e soil boring logs

» laboratory data deliverables

e data vakdation reports

e data assessment reports

e subcontractor reports

e progress reports, QA reports, interim project reports






J-Pit Redevelopment Site
QAPP

Revision 1

Date: Tuly 2002

Section 2.0

Page 30

2.5 Quality Control Requirements

Quality control (QC) is the system of technical activities that measures the performance of a process.
Different QC checks and samples are used to both prevent and identify specific sources of error in a

particular process/activity. There are two general types of QC checks and samples:

¢ Batch-gpecific QC: These include QC samples that are handled, prepared and analyzed
concurrently with environmental samples to ensure that the procedures used to collect, transport

and analyze a group/batch of samples are performed under known, well-defined conditions.

o Sample-specific QC: These include QC samples that are used to evaluate potential sources of error

in the collection, transport and analysis of individual samples.

The remainder of this section presents the QC checks and samples used for the post-excavation

sampling program,
2.5.1 Field QC Requirements

Field measurements will be collected following the procedures outlined in Section 5 of SAP (Appendix
B), Section 4.0 of this QAPP and SOPs in Appendix C. QC procedures for pH, Eh, conductivity, and
temperature, are himited to checking the reproducibility of the measurement by obtaining multiple
readings on a single sample or standard and by calibrating the instrument properly following
manufacturer's instructions (Table 2-2). QC procedures for the HNu are limited to on site daily
calibration according to the manufacturer's instructions. Calibrations standards will be recorded in the
field logbook along with any corrective actions taken. All standards used for calibration must be from

the NIST, traceable to NIST standards, or other accepted standards (e.g.; USEPA).

Field duplicate, trip blank, equipment blank, field blank and cooler temperature blank will be analyzed
to assess the quality of the data resulting from the field sampling program. Information gained from

these analyses further characterizes the level of data quality obtained to support project goals. Each of
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these types of field QC samples undergo the same preservation, analysis, and reporting procedures as
the related environmental samples. Section 3.3 of the SAP (Appendix B) presents details on the
procedures to obtain these QC samples. Each type of ficld QC sample is detailed below.

Field duplicates are two samples collected as a single sample, split and divided into two portions.
Field duplicates are collected and analyzed for chemical constituents to measure the precision of the
sampling methods used. The general level of the QC effort will be one field duplicate for every 20 or

fewer investigative samples per medium,

Trip blanks will be submitted for analysis to provide the means to assess the quality of the data
resulting from the field program:. Trip blanks pertain to VOCs only. Trip blanks are used to assess the
potential for contamination of VOCs resulting from contaminant migration into sample bottles/jars
during sample.shipment and storage. Trip blanks are prepared by the laboratory using organic-free
reagent water before the sampling event. They are shipped to the site with the sample containers and
kept with the investigative samples throughout the sampling event. They are then packaged for
shipment with other VOC environmental samples and sent to the laboratory for analysis. At no time
after trip blank preparation are the trip blank sample containers opened before they reach the
laboratery. One trip blank will be included in each sample shipping container that contains VOC

samples.

Equipment blanks are used to assess the effectiveness of decontamination procedures. Equipment
blanks are obtained under representative field conditions by collecting the rinse water generated by
running analyte-free water through sample collection equipment after sampling and decontamination
and then placing the rinse water in the appropriate sample containel; for analyses. One equipment blank
will be collected per each type of sampling equipment used at an area (e.g., trowel, clam bucket, etc.).-
It is anticipated that the backhoe will not be removed from the area until work is completed. If]
however, the backhoe is removed from an area and then has to be remoebilized to the area, another
equipment blank will be collected. Equipment blanks are analyzed for the same chemical constituents

as the associated environmental samples.
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Field Blanks are used to assess the potential for background contamination from the ambient air. A
sample will be obtained by filing a sample bottle with lab pure water, allowing it to sit uncapped while

samples are being taken and then recapping and submitting the sample for analysis.

Cooler temperature blanks monitor the temperature of the cooler in which field samples are
contained. The preservation requirement for many of the samples is to keep the sample temperature at
4°C. The cooler temperature blank allows for the measurement of this requirement. One cooler

temperature blank will be included in each cooler with field samples.

The type of field QC samples and the required frequency of each type of sample is provided below,

Field QC Data Quality Indicator Frequency
Field Duplicate Precision 1 field duplicate per 20 field
samples per matrix
VOC Trip Blank Contamination 1 tnp blank per cooler that
{Accuracy/Bias) contains agueous VOC samples.
Equipment Rinsate Blank Contamination 1 eguipment blank per sampling
{Accuracy/Bias) gvent per area per matrix
Field Blank Contamination Frequency 1s based on  the
{Accuracy/Bias) Professional Judgement of the
Field Team Leader.
Cooler Temperature Blank Preservation 1 cooler temperature blank per
{(Accuracy/Bias) cooler

These field QC samples will be handled in the same manner as the field samples.

Laboratory Quality Conirol Checks

The laboratory (Sima) has a QC program used to ensure the reliability and validity of the analysis
performed at the laboratory (see Appendix D). All analytical procedures are documented in writing as

SOPs and each SOP includes a QC Section which addresses the minimum QC requirements for the
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procedure. The internal quality control checks might differ slightly for each individual procedure but

in general the QC requirements include the following:

¢ Field/Trip/Equipment blanks

o Method blanks

« Reagent/preparation blanks (applicable to inorganic analysis)
e Instrument blanks

»  Matrix spikes/matrix spike duplicates

e  Surrcgate spikes

e Analytical spikes (Graphite furnace)

¢ Field duplicates

e Laboratory duplicates

e Laboratory control standards

¢ Intemnal standard arcas for GC/MS analysis; control limits

e Mass funing for GC/MS analysis

For a description of the specific QC requirements of this site investigation and the frequency of audit,

refer to the laboratory SOPs (Appendix D). The QC cnteria are also included in the SOPs.

All data obtained will be properly recorded. The data package will include a full deliverable package
capable of allowing the recipient to reconstruct QC information and compare it to QC criteria. Any
samples analyzed in nonconformance with the QC criteria will be re-analyzed by the laboratory, if
sufficient volume is available. It is expected that sufficient volumes/weights of samples will be

collected to allow for re-analysis when necessary.
2.6 Instrument/Equipment Testing and Maintenance Requirements
Proper maintenance of insiruments and equipment is essential to ensuring their readiness when needed.

Dependent on manufacturer's recommendations, maintenance intervals are established for each

instrument/equipment. General maintenance activities are provided below.
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Field Equipment/Instruments

The field equipment for this project include thermometers, pH meter, conductivity meter and PID.
Specific preventative maintenance procedures for this equipment are discussed m the SOPs in

Appendix C and Table 2-3, and will be conducted in accordance with the manufacturer's specifications.

Field instruments will be checked and calibrated daily before use. Calibration checks will be
documented in the field logbook. Routine preventative maintenance as well as per use inspections and
checkout will be conducted to assure proper cperation of the various pieces of equipment (Table 2-4).
The Field Team Leader will be responsible for implementing and documenting these procedures 1n the

logbook.

Laberatory Instruments

At Sima, routine maintenance for all instrumentation is performed according to the manufactures
recommended procedures (Table 2.5). The frequency of this maintenance is based upon the
manufacturer's guidance and the experience of the trained analytical staff. Oanly trained staff and
certified third party contractors may perform equipment and instrument maintenance and repairs. The
use of manufacturer-recommended grades or better of supporting supplies and reagents 1s also a form
of preventive maintenance. For example, gases used in the various gas chromatographs and metals
instruments are of sufficient grade tc minimize fouling of the instrument. The routine use of sepia,
chromatographic columns, and other supporting supplies from reputable manufacturers will assist in
averting unnecessary periods of instrument downtime. An inventory of critical spare parts will also be
maintained by the laboratory to minimize instrument downtime. Records of maintenance activities are

maintained at the laboratory.



J-Pit Redevelopment Site
QAPP

Revision 1

Date: July 2002

Section 2.0

Page 35

2.6.1 Instrument Calibration and Frequency

Field Instruments

Field instruments will be calibrated daily and as needed according to SOP F201and F203 for On Site
Water Quality Testing and Photoionization Detector — PID, and according to manufacture’s

specifications.  Calibration procedures, corrections, and readings will be documented in the field

notebook per SOP F303.

Laboratory Instruments

All instrumentation used to perform chemical measurements must be properly calibrated to obtain valid
and usable results. Calibration procedures for a specific laboratory instrument will consist of initial
calibration (generally three to five points), initial calibration verification (inorganic methods only), and
continuing calibration verification. In all cases, an independently prepared standard (i.c., from a
second source or a different lot number from the primary source) will be used as a calibration

verification solution or as the LCS/MS spiking mix.

All standards used to calibrate analytical instruments must be obtained from the National Institute of
Standards and Technology (NIST) or thrc;)ugh a reliable commercial supplier with a proven record for
quality standards. All commercially supplied standards will be traceable to NIST reference standards,
where possible, and appropriate documentation will be obtained from the supplier. In cases where
documentation 1s not available, the laboratory will analyze the standard and compare the results with

U.S. EPA-known or previous NIST-traceable standard.

Calibration procedures, frequency requirements, acceptance criteria, and conditions that require
recalibration are described for each analytical procedure in the applicable laboratory SOPs included in
Appendix D of this QAPP and Table 2-5.
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2.7 Inspection/Acceptance Requirements for Supplies and Consumables

Evaluation and selection of suppliers and vendors is dene, m part, on the basis of the quality cof their
products, their ability to meet the demand for their products on a continuous and short-term basis, the
overall quality of their services, their past history, and competitive pricing. This is achieved through
gvaluation of objective evidence of quality fumished by the supplier, which can include certificates of
analysis, recommendations and proof of historical compliance with similar programs for other clients.
To ensure that quality critical consumables and equipment conform to specified requirements, all
purchases from specific vendors are approved by a member of the supervisory or management staff.
Chemical reagents, solvents, glassware and general supplies are ordered as needed to maintain
sufficient quantities on hand. Purchasing gui&elines for equipment and reagents meet with the

requirements of the specific method and testing procedures for which they are being purchased.
2.8  Data Acquisition Requirements (Non-direct measurements)

"This Section of the QAPP describes sources of previously collected data and other information that will
be used to make project decisions. Since only Phase I's with no sampling and analysis have been
performed to date at these sites, no data exists. Decision making for this project will be based solely on
the samples taken during the field activity. The analytical results will be compared to the IDEM VRP-

based screening criterias.  Further details on this comparison process is provided in Section 1 of the
QAPP.

As preparation of the Phase If investigation the following reports were reviewed:

e Phase | Environmental Site Assessment, Report Section 1, J-Pit Redevelopment Sites, Gary,
Indiana, July 2002, Environmental Design International

e Phase | Environmental Site Assessment, Report Section 2, J-Pit Redevelopment Sites, Gary,

Indiana, July 2002, Environmental Design International
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¢ Phase I Environmental Site Assessment, Report Section 3, J-Pit Redevelopment Sites, Gary,

Indiana, July 2002, Environmental Design International

¢« Phase I Environmental Site Assessment, Report Sectton 4, J-Pit Redevelopment Sites, Gary,
Indiana, July 2002, Environmental Design International

¢ Phase | Environmental Site Assessment, Report Section 5, J-Pit Redevelopment Sites, Gary,

Indiana, July 2002, Environmental D.esi gn International

¢ Hydrogeologic Report, from the Permit Application Glenwood Ridge, Restricted Wastes Disposal
Facility, Lake County, Indiana, Volume 2 of 2. March, Rust Environmental.

2.9 Data Management

All data generated through field activities, or by the laboratory operation, will be reduced and validated
prior to reporting, No data will be disseminated by the laboratory until it has been subjected to the

procedures summarized below.,

Field data will be transcribed directly from the instrument into the field logbook. If errors are made,
results will be legibly crossed out, initiated and dated by the person recording the data, and corrected in
a space adjacent to the original entry. Log books will be pertodically reviewed by the FTL to ensure

that records are complete, accurate, and legible.

Data at the laboratory is automatically entered into the LIMS from the instruments. In instances where
instruments do not provide a "data dump" into the LIMS, the information is manually entered. Various
checks are performed by the laboratory to ensure the integrity of the data. The laboratory will provide

the analytical results electronically to Baker.

Baker's data management group will receive the analytical data from the laboratory electronically.
Baker will check at a minimum ten percent of the electronic deliverable against the hard copy reports

provided by the laboratory. Transcription errors will be documented and changed in the electronic
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version of the data. Baker's data management group will incorporate data validation qualifiers into the
g group p q

electronic version of the data prior to use in the assessment phase of the project.

Upon successful completion of the data validation process for both the on-site and off-site data, the
analytical results with validation qualification will be tabulated and stered on computer disks. The
results will be presented in a user-fendly tabular format. The presentation will facilitate the review

and use of the data to meet the project objectives.

2.10  Final Document
An outline of proposed Phase 11 Investigation report is as follows:

TABLE OF CONTENTS
1.0 Introduction

1.1 Site Background and Setting
1.2 Summary of Previous lnvestigations
1.3 Summary of VRP Ecological Survey
1.4 Site Geology/Hydrogeology

20  Phase II Investigation

2.1 Sample Methodology

22 Soil Sampling

2.3 Sediment and Surface Water Sampling
24 Well Installation/Development

2.5 Groundwater Sampling

2.6 Site Survey

3.0 Results
3.1 Scil Sampling Results
3.2 Sediment and Surface Water Sampling Results
33 Groundwater Sampling Results

4.0 Conclusions

50 Recommendations
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3.0 ASSESSMENT/OVERSIGHT
3.1 Assessment and Response Actions

Performance and system audits of both field and laboratory activities will be conducted to verify that
sampling and analysis are performed in accordance with the procedures established in the SAP and
QAPP. These audits provide an indication of the data quality generated by the investigation, The

audits of field and laboratory activities include two independent parts: internal and external audits.

Field Performance and System Audits

Internal Field Audits

Internal Field Audit Responsibilities

The role of the QA Manager, including Quality Assurance, is described in Section 3.0. His/her

responsibilities will include internal audits of field activities including sampling and field

measurements,

Internal Field Audit Freauency

These audits will evaluate compliance with established procedures. Internal field aundits will be
conducted at least once at the beginning of sampling and analysis activities, so that problems, if any,

and their solutions can be identified early. One additional audit may be conducted during subsequent

gample collection activities,

Internal Field Audit Procedures

The audits will include examination of field sampling records, field instrument operating records,
sample collection, handling and packaging in compliance with the established procedures, maintenance
of QA procedures, chain-of-custody, etc. Follow-up audits will be conducted as required to correct
deficiencies. The audits will involve review of field measurement records, instrumentation calibration

records, and sample documentation.
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External Field Audits

External Field Audit Respopsibilities

Sima is a contracted laboratory for IDEM and is a nelap accredited laboratory under the Illinois EPA
accreditation program (Appendix D)

External Field Audit Frequency

External field audits may be conducted any time during the field operations. These audits may or may
not be announced and are at the discretion of the USEPA or IDEM.

Overview of the External Field Audit Process

External field audits will be conducted according to the field activity information presented in the
QAPP.

Performance and system aundits for sampling and analysis operations consist of on-site review of field
and laboratory quality assurance systems and on-site review of equipment for sampling, calibration,

and measurement,

Laboratory Performance and Systems Audits

A performance audit is a check by Quality Assurance personnel of the major analyses conducted in the

laboratory. This audit consists of, but is not limited fo:

A blind check sample for each department,

e Determination that proper quality control and corrective action procedures were employed in

analysis of the blind sample
e  Oversight of all analysts performing their major job function,

¢ Insure proper technique
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A report of deficiencies determined in the performance audit will be submitted to laboratory

management and immediate corrective action procedures will be adopted.

System audits are checks performed by quality assurance personnel of the entire laboratory operations.
This audit consists of cradle to grave tracking of randomly selected samples through the entire analysis

process. The audit contents will consist of, but not be limited to:

Sarmple receipt practices, chain of custody

e Analysis

e Proper quality control

s Proper corrective-action documentation

e Records keeping and data storage

s Instrument prevention maintenance

Review of final report

A report of deficiencies determined in the system audit will be submitted to mapagement and
immediate corrective action procedures will be implemented. The report becomes part of the

permanent laboratory record.

Internal Laboratory Audits

Performance and system audits are designed to assess the quality of the total laboratory operation and

to assure adherence to the quality control procedures specified in this QAPP.
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Internal Lab Audit Responsibilities

The internal laboratory audit will be conducted by laboratory QA officer.

Internal Lab Audit Frequency

Both performance and system audits should be conducted semi-annually.

Internal Lab Audit Procedures

The internal lab system. audits will include an examination of laboratory documentation on sample
receiving, sample log-in, sample storage, chain-of- custody procedures, sample preparation and
analysis, instrument operating records, etc. The performance audits will involve preparing blind QC
samples and submitting them along with project samples to the laboratory for analysis throughout the
project. The laboratory QA Officer will evaluate the analytical results of these blind performance

samples to ensure the laboratory maintains acceptable QC performance.

Extemal Laboratorv Audits

The lab is part of elaps certification process, a copy of their certification from the state of Illinois is

provided in Appendix D.

External Lab Audit Responsibilities

External field audits may be conducted any time during the field operations.

Exiernal Lab Audit Frequency

The frequency of the external audit will be at the discretion of the auditing agency (i.e., USEPA and
IDEM). An external lab audit may be conducted at least once prior to the initiation of the sampling and

analysis activities,

Overview of the External Lab Audit Process

External lab audits will include (but not be limited to) review of laboratory analytical procedures,
laboratory on-site audits, and/or submission of performance evaluation samples to the laboratory for

analysis.
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Corrective Action

Corrective action is the process of 1dentifying, recommending, approving and implementing measures
to counter unacceptable procedures or out of quality control performance which can affect data quality.
Corrective action can occur during field activities, laboratory analyses, data validation and data
assessment. All corrective action proposed and implemented will be documented in a quality assurance
report to management. Corrective action should only be implemented after approval by the Project
Manager, or his designee, the Field Team Leader. If immediate corrective action is required, approvals

secured by telephone from the Project Manager should be documented in an additional memorandum.

For noncompliance problems, a formal cormrective action program will be determined and implemented
at the time the problem is identified. The person who 1dentifies the problem is responsible for notifying
the Project Manager or his designee if the problem occurs in the field, or the laboratory Project
Manager if the problem occurs in the laboratory. Information on these problems will be promptly
communicated to Baker’s Field Team Leader and/or Project Manager who will communicate this issue

to the City of Gary. Implementation of corrective actions will be confirmed in writing through the same

channels.

Any nonconformance with the established guality control procedures in the QAPP or SAP will be

identified and corrected in accordance with the QAPP.

Corrective actions will be implemented and documented in the field logbook. No staff member will
initiate corrective action without prior communication of findings and approval by the Project
Manager. Corrective actions will be defined by the auditor and implemented to the satisfaction of the
Project Manager. If corrective actions are insufficient, work may be stopped by a stop-work order

issued by the Baker Project Manager or City of Gary.

Field Corrective Action

Technical staff and project field personnel will be responsible for reporting all suspected technical or

QA nonconformance or suspected deficiencies of any activity or issued document by reporting the
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situation to the Field Team Leader or his/her designee. The Field Team Leader will be responsible for
assessing the suspected problem, consulting with the Baker Project Manager on the problem and
anticipated change, and implementing the change. If it is determined that the situation warrants a
reportable nonconformance requiring corrective action, then a nonconformance report will be initiated

by the Baker Project Manager.

The Baker Project Manager will be responsible for informing the City of Gary of the nonconformance.
The City of Gary Project Manager or designee will inform IDEM and/or USEPA Project Manager of
the problem.

The Baker Project Manager will be responsible for ensuring that corrective action for nonconformance

1s initiated by:

Evaluating all reported nonconformance.

¢ (Controlling additional work on nonconforming items.

¢ Determining disposition or action to be taken.

¢ Maintaining a log of noncenformance,

¢ Reviewing nonconformance reports and corrective actions to be taken.

e Ensuring nonconformance reports are included mn the final facility documentation in project

files.

If appropriate, the Baker Project Manager will ensure that no additional work that is dependent on the

nonconforming activity is performed until the corrective actions are completed.
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Corrective action for field measurements may include:

¢ Repeating the measurement to check the error.

-

e Checking all proper adjustments for ambient conditions such as temperature.
= Checking the batterics.

¢ Checking the calibration.

e Re-calibration,

e Replacing the instrument or measurement device.

e Stopping work (if necessary).

All changes will be evaluated based on the potential to impact the quality of the data. The Baker
Project Manager has ultimate responsibility for all site activities. In this role, the Project Manager at
times is required to adjust the site programs to accommodate site-specific needs. When it becomes
necessary to modify a program, the responsible Field Team Leader notifies the Baker Project Manager
of the anticipated change and implements the necessary changes. The Baker Project Manager or his
designee must approve all changes verbally and/or in writing prior to field implementation by the Field

Team Leader. The Project Manager will be notified when any field changes are made.

All problems and corrective actions will be documented in the field logbook by the Field Team Leader.
No field team member will initiate corrective action without prior communication of findings through
the proper channels. The action taken during the period of deviation will be evaluated in order to
determine the significance of any departure from established program practices and action taken. If
corrective actions are insufficient, work may be stopped by the Field Team Leader following

instructions from the Project Manager or other designee.
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Laboratory Corrective Action

Corrective action in the laboratory may occur prior to, during and after iitial analyses. A number of
conditions such as broken sample containers, multiple phases, low/high pH readings, potentially high
concentration samples may be identified during sample log-in or just prier to analysis. Fellowing
consultation with lab analysts and section leaders, it may be necessary for the laboratory QA Manager
to approve the implementation of corrective action. The submitted standard operating procedures
(SOPs) specify some conditions during or after analysis that may automatically trigger corrective.
action or opticnmal procedures. These conditions may include dilution of samples, additional sample
extract cleanup, automatic reinjection/reanalysis when certain quality control criteria are not met, etc.
It is the responsibility of the analyst and the laboratory QC Manager to develop and implement
corrective action, Itis the responsibility of the laboratory QC Manager and the Laboratory Manager to
approve corrective actions and notify the Baker Project Manager of corrective actions taken. Any
material modifications will be orally relayed by Baker Project Manager to the City of Gary Project
Manager. The Cite of Gary Project Manager or designee will inform the IDEM or USEPA Project

Manager who should state at the time of notification whether the corrective action is appropriate.

Corrective actions are required whenever an out-of-control event or potential out-of-conirol event is

noted. The investigative action taken is somewhat dependent on the analysis and the event.
Laboratory personnel are alerted that corrective actions may be necessary if:
¢ QC data are outside the warning or acceptable windows for precision and accuracy;
¢ Blanks contain target analytes above acceptable levels;
¢ Undesirgble trends are detected in spike recoveries or RPD between duplicates;

o There are unusual changes in detection limits;



J-Pit Redevelopment Site
QAPP

Revision 1

Date; July 2002

Section 3.0

Papge 48

e Deficiencies are detected by the QA Department during intemal or external audits or from the

results of performance evaluation samples; or
e Inquiries concerning data quality are received.

Corrective action procedures are often handled at the bench level by the analyst, who reviews the
preparation or extraction procedure for possible errors, checks the instrument calibration, spike and
calibration mixes, instrument sensitivity, and so on. If the problem persists or cannot be identified, the
matter is referred to the laboratory supervisor, manager and/or QC department for further investigation.

Once resolved, full docurnentation of the corrective action procedure is filed with the QC department.

These corrective actions are performed prior to release of the data from the laboratory. The corrective
actions will be documented in both the laboratory's corrective action log (signed by analyst, section
leader and quality control coordinator), and the narrative data report sent from the laboratory to the data

validator, If corrective action dos not rectify the situation, the laboratory will contact the Baker Project

Manager.
3.2 Reports to Management
QUALITY ASSURANCE REPORT TO MANAGEMENT

The deliverables associated with the tasks identified in the Work plan will contain separate QA sections
in which data quality information collected during the task is summarized. Those reports will be the
responsibility of the Project Manager and will include the QA Officer report on the accuracy, precision,
and completeness of the data as well as the results of the performance and system audits, and any

corrective action needed or taken during the project.
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Contents of Project QA Report

The QA repo.rt will contain all results of field and laboratory audits, all information reflecting the
achievement of specific data quality objectives, and a summary of corrective action that was
implemented, and its immediate results on the project. The status of the project with respect to the
Project Schedule included in the QAPP will be determined. ‘Whenever necessary, updates on training
provided, changes in key personnel, anticipated problems in the field or lab for the coming month that
could bear on data quality along with proposed solutions, will be reported. Detailed references to
QAPP modifications will also be highlighted. The QA report will be prepared in written, final format
by the Project Manager or his designee.

In the event of an emergency, or In case it is essential to implement corrective action immediately, QA
reports can be made by telephone to the appropriate individuals, as identified in the Project
Organization or Corrective Action Sections of this QAPP. However, these events, and their resolution

will be addressed thoroughly in the next issue of the monthly QA report.

Frequency of QA Report

The QA Report will be incorporated into the final project report. The report will cover without
interruption, the project through completion. The frequency of any emergency reports that must be

delivered verbally cannot be estimated at the present time.

Individuals Receiving/Reviewing QA Report

All individuals identified in the Project Organization chart will be notified about QA problems/issues.
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4.0 DATA VALIDATION AND USABILTY

To properly utilize the results of the sampling investigation and laboratory analyses, the quality of the
resulting field and analytical data must be assessed. Only data of appropriate quality should be used to
produce conclusions about the Site. To produce a meaningful Phase 1T ESA, data must reflect the
objectives listed in Section 1. In the event the objectives are not fulfilled, additional data may need to
be required to reconcile the inadequacies. Consequently, data collected as part of this program needs to
be verified and validated and its usability defined before producing any conclusions about the site from
the data.

4.1 Data Verification and Validation Procedures

411 TField Verification

Field notes will be verified by the Baker Project Manager. Daily, the Baker Project Manager will
review the field logs for completeness, accuracy and compatibility between sample locations and field
samplers. He/She will sign and date the field log entry after review. Any required corrective action

will be addressed with the field samplers prior to further work.

Chain-of-custody (COC) forms and shipping documentation will be reviewed by the Baker field
samplers by comparing the information on the forms to the actual samples in the coolers.
Audit reports and associated corrective actions will be reviewed by the Baker Project Manager to

ensure that appropriate corrective actions are being taken. He/She will sign and date the corrective

action report after review,
Field Data Reduction Procedures

Field data reduction procedures will be minimal in scope compared to those implemented m the
laboratory setting. Only direct read instrumentation will be employed in the field. The use of pH
meters, thermometers, an HNu, and a probe to measure specific conductance will generate some
measurements directly read from the meters following calibration per manufacturer's recommendations.

Such data will be written into field log books immediately after measurements are taken. If errors are
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made, results will be legibly crossed out, initialed and dated by the field merﬁber, and corrected in a
space adjacent to the original (erroneous) entry. Later, after the result forms required for this study are

fitled out, the forms will be proofed to determine whether any transeription errors have been made.
4.1.2 Laboratory Verification

The laboratory verification procedures ensure that data sets are complete, SOPs are followed, and
documenting complete analytical events. Additionally, Sima evaluates each data set in accordance
with the method performance criteria provided in Section 1. A brief description of the laboratory

verification process is presented below.
Data Review

Sima Laboratory implements a two-tier review process. The first review is a technical review
performed by the laboratory technician that conducted the analysis. This involves ensuring that the
calculations are correct and that QC requirements were met, Quality control data (e.g. laboratory
duplicates, surrogates, matrix spikes, and matrix spike duplicates) will be compared to the method
acceptance criteria. The Data Review Form/QC Checklist is initiated by the Technician to document
this review. Acceptable data are not ready for incorporation into the Laboratory Management
Information System (LIMS). The Data Review Form/QC Checklist is now given to a peer
knowledgeable of the analytical process, a Senior Technician, Unit Supervisor, QA/QC Director or the
General Manager. A copy of the checklist is provided as Appendix D.

The second tier review is a verification of the review done by the analyst. This step is documented on
the Data Review Form/QC Checklist. Data entered into the LIMS electronically may be reviewed
electronically. Data entered into the LIMS manually must be reviewed using the raw data, where a

representative number of calculations are verified and the quality control parameters are evaluated.

After this review, the data are now available for approval in the LIMS. If approved, data are logged
into the project database format. Unacceptable data shall be appropriately qualified m the project

report. Case narratives will be prepared which will include information concerning data that fell
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outside acceptance limits, and any other anomalous conditions encountered during sample analysis..

After approval, the data are reviewed by the laboratory Project Manager and released to the client.

Data Recording

Laboratory data recording procedures will be conducted in accordance with the following protocol: All
raw analytical data will be recorded in numerically identified laboratory notebooks. These notebooks
will be issued only by the Laboratory QA Manager. Data are recorded in this notebook along with
other pertinent information, such as the sample identification number and the sample tag number.
Other details will also be recorded in the lab notebook, such as the analytical method used (SOP
Number), name of analyst, the date of analysis, matrix sampled, reagent concentrations, instrument
settings, and the raw data. Each page of the notebook shall be signed and dated by the analyst. Copies
of any strip chart printouts (such as gas chromatograms) will be maintained on file. Penodic review of
these notebooks by the Lab QA Manager takes place prior to final data reporting. (Records of
notebook entry inspections are maintained by the Lab QA Manager.)

Data Reduction

The analytical SOPs provided in Appendix D provide the formulae used in data conversions (e.g.,
calculation of dry weight field sample concentrations) and the calculations used to quantitate the
compound/element concentration from the instrument readouts. For this project, all solid sample
results will be presented as dry weight; therefore, the data conversion will be conducted for each solid
sample. In the process, the actual instrument printout provides information to calculate the analytes
concentration. All calculations are checked by the laboratory section supervisor at the conclusion of
each operating day. Errors are noted, corrections are made, but the original notations are crossed out

legibly. Analytical results for soil samples shall be calculated and reported on a dry weight basis.
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4.2 VALIDATION

Data Validation

Data validation procedures shall be performed for both field and laboratory operations as described
below. Data validation will be performed by ECT CON

421 Procedures Used to Evaluate Field Data

Procedures to evaluate field data for this project pnmarily include checking for transcription errors and
review of field log books, on the part of field crew members. This task will be the responsibility of the
Field Team Leader and the QA Manager.

4.2.2  Procedures to Validate Laboratory Data

Laboratory analytical data will be validated in accordance with current Data validation will be
conducted in accordance with the USEPA Contract Laboratory Program National Functional
Guidelines for Organic and Inorganic Data Review, February 1994, project SOPs, and professional

judgement.

One hundred percent of the laboratory analytical data will be subjected to data validation to ensure that
the data are of evidentiary quality. Validation of analytical data will be completed by an independent
third party.

Data validators will review the chemica! analytical data packages submitted by the laboratory.
Analytical results will be validated versus the applicable analytical methods, the SOPs included in
Appendix D of this QAPP, and the requirements of this QAPP. Validation of these data including the
use of qualifying flags will conform to the National Functional Guidelines for Data Validation to the
greatest extent practicable for non-CLP data. It should be noted that the analytical methods chosen for
this project are from USEPA SW-846 "Test Methods for Evaluating Solid Waste". QC criteria used in

these methods are often difference than that specified in the data validation guidelines. The criteria to
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be used for this project are presented in Section 1.5 of this QAPP. The data validator will generate a
report describing data limitations. The validation of off-site laboratory data will include the review of
all QC information and raw data. QC supporting information will be reviewed to determine whether
any data are outside established control limits, and if out-of-control data are discovered, appropriate
corrective action will be determined. Any out-of-control data without appropriate corrective action will

be cause to qualify the affected measurement data.

The data validation reports will be reviewed by the Baker QA Officer and the Baker Data Management
group. The Baker Data Management group will compare the electronic data to the hard copy (e.g.,
Form 1) provided by the validator. Also, these individuals will incorporate the validator qualifiers into
the electronic database. After review and incorporation into the database, the individual will sign and

date the hard copy of the data provided by the validator.
4.3 Reconciliation with Data Quality Objectives
4.4 Data Reporting

Data reporting procedures shall be carried out for ficld and off-site laboratory operations as indicated

below.
Field Data Reporting

Field data reporting shall be conducted principally through the transmission of report sheets containing
tabulated results of all measurements made in the field, and documentation of all field calibration

activities.
Laboratory Data Reporting

The laboratory data packages will consist of all pertinent sample and project information, which will

include the following (as applicable):
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Date of issuance

Laboratory analysis performed

Any deviations from infended analytical strategy

Laboratory batch number

Quality control procedures utilized and also references to the acceptance
criteria '
Laboratory report contents

Project name and number

Condition of samples 'as-received'

Discussion of whether or not sample holding times were met

Discussion of technical problems or other observations which may have
created analytical difficulties

Discussion of any laboratory quality control checks which failed to mect
project criteria

Signature of the Laboratory QA Manager

2. Chemistry Data Package

Case narrative for each analyzed batch of samples

Summary page indicating dates of analyses for samples and laboratory quality
control checks

Cross referencing of laboratory sample to project sample identification
numbers

Data qualifiers to be used should be adequately described

Sample preparation and analyses for samples

Sample results

Raw data for sample results and laboratory quality control samples

Results of (dated) initial and continuing calibration checks, and GC/MS tuning

results
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- Matrix spike and matrix spike duplicate recoveries, laboratory control samples,
method blank results, calibration check compounds, and system performance
check compound results

- Labeled (and dated) chromatograms/spectra of sample results and laboratory

quality control checks

The data package for the off-site laboratory will be a "CLP-like " data package consisting of all the

information presented in a CLP data package and with QC summaries on CLP-like forms,

All data generated for the Site by the laboratory will be computerized in a format organized to facilitate
data review and evaluation. The computerized data set will include the data flags provided by the
laboratory in accordance with their SOPs. The laboratory-provided data flags will nclude such items

as: estimated concentration due to poor spike recovery and concentration of chemucal also found in

laboratory bank.

For Sima, the hard copy final data package shall be delivered within 20 working days of the receipt of
the last sample set. The electronic data report for each sample set shall be delivered within 20 working

days of sample receipt.

The Data Validator comments will indicate that the data are: 1) usable as a quantitative concentration,
2) usable with caution as an estimated concentration, or 3) unusable due to out-of-control QC results.
The validator qualifying flags will be incorporated into the clectronic database. The final data set used

to draw conclusions about the site will contain only the data validator qualifiers.

Baker's data management group will receive the analytical data from the laboratory electronically.
Baker will check at a minimum ten percent of the electronic deliverable against the hard copy reports
provided by the laboratory. Transcription errors will be documented and changed in the clectronic
versio.n of the data. Baker's data management group will incorporate data validation qualifiers into the

electronic version of the data prior to use in the assessment phase of the project.
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Upon successful completion of the data validation process for both the en-site and off-site data, the
analytical results with validation qualification will be tabulated and stored on computer disks. The
results will be presented in a user-friendly tabular format. The presentation will facilitate the review

and use of the data to meet the project objectives.

4.5 Usability/Reconciliation with Data Quality Objectives

The purpose of this section is to indicate the methods by which it will be ensured that the data collected
for this investigation coincides with the project DQOs. The data assessment will be conducted to
evaluate if the analytical data quality is in compliance with the QC cbjectives listed in Table 2-1 of this
QAPP. Additionally, the data will be reviewed for indications of interferences to results caused by
sample matrices, cross contamination during sampling, cross contamination in the laboratory, and

sample preservation and storage anomalies.

Section 1 of this QAPP presents the precision, accuracy, representativeness, completeness and
sensitivity DQOs for this project. Also presented in Section 1 are the calculations to be used to assess
adherence to the DQOs for these QC items.

A review of the assessment criteria for these objectives is provided below.

Accuracy Assessment

The accuracy of ficld measurements will be assessed by adhering to proper ficld sampling and handling
procedures as well as field instrument calibration procedures. Field measurement accuracy will be

qualitatively reviewed and assessed.

In order to assure the accuracy of the analytical procedures, the laboratory uses primarily blank spikes
(Laboratory control samples), system monitoring compounds and matrix spike samples. In general, a
known amount of a spiking agent is added to a sample. The resulting concentration of the spiked
compound divided by the true concentration is the percent recovery. Acceptable percent recovery

Iinuts are provided in Table 1-2.
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Precision Assessment

The field precision will be evaluated by calculating the RPDs for duplicate samples. Results of the
field duplicate samples will be compared to the RPD goal of 50% for soil and 20% for water samples.

Matrix spiked samples are prepared by dividing the sample into equal aliquots, and then spiking each
of the aliquots with a known amount of analyte. The matrix spiked duplicate samples will be then -
included in the analytical sample set. The splitting of the sample allows the analyst to determine the
precision of the preparation and analytical techniques associated with the duplicate sample. The
relative percent difference (RPD) between the spike and duplicate spike will be calculated and plotted.
For this project, acceptable RPD for field duplicate samples 1s <50% for solid samples and < 20% for

aqueous samples. Table 1-2 presents acceptable RPD limits for analytical duplicate samples.

Completeness Assessment

Completeness is the ratio of the number of valid sample results to the total number of samples analyzed

with a specific matrix and/or analysis. For this project, the completeness goal for the laboratory is 95%

and for field measurements 90%.
Sensitivity

The achievement of method detection limits depends on mstrument sensitivity and matrix effects.
Therefore, it is important to monitor the instrument sensitivity to ensure the data quality through
constant instrument performance, The instrument sensitivity will be monitored through the analysis of

method blank, calibration check sample, taboratory control samples, etc.

Laboratory adherence to these DQOs (precision, accuracy and sensitivity) will be assessed in the data
validation process described in Section 4 of this QAPP including a review of QC items listed above.
The analvtical data will be validated in accordance with the National Functional Data Validation

Guidance for Organics and Inorganics. Deviations in the QC criteria will be reported via data
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qualifying flags, when applicable, or explained in the case narrative if qualification of the data is not

deemed necessary. Other issues to be noted in the validation report are as follows;

¢  Deviations, if any, from the laboratory analytical SOPs
¢ Deviations, if any, from the data validation procedures

s Identification and explanation of elevated reporting limits

Field adherence to these DQOs (precision, accuracy, and representativeness) will be addressed in the
Data Assessment Report. Deviations from the DQOs listed in Section 1 will be explained in the Data
~ Asscssment Report. Any uncertainty (e.g., biased high or biased low) associated with the data based on
these deviations will be desenibed and incorporated into the decision making process. Field duplicate
samples will be used to assess precision. Trip and equipment blanks will be used to assess field
accuracy. To assess the impact of trip and equipment blanks on field samples a comparison between
the constituents detected in the blank samples and associated field samples will be conducted.
Constituents detected in the field sample at a concentration less than five times (ten times for typical
laboratory contaminants - acetone and methylene chloride), the concentration of the same constituent
detected in the trip blank and/or equipment blank will be attributed to field cross-contamination. In this
case, the presence of the constituent will not be associate with site conditions and will not be used in

the decision making process. Other usability issues to be reviewed are as follows:

e Deviations, If any, from the field sampling SOPs

e Deviations, if any, from the sampling locations and sample number

Completeness will be assessed based on the number of usable data points from the overall project data
points. Completeness will be calculated on both an area specific and overall project basis--. For this
project, a completeness goal of 95% or greater is required for the off-site laboratory an{i @% for field
measurements. Data points identified as unusable (i.e, data gualified as “R”} are not included in the
completeness calculation. The equation used to compute completeness is presented in Section 1 of this
QAPP. Information on data completeness will be presented in the Data Assessment Report. If the

completeness DQO 1s not meet for an area or the overall project, further evaluation of the site will be
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required prior to final closure of the area. Further evaluation may or may not include intrusive

measures.

Only data generated in association with QC results meeting these objectives and deemed usable by data
validation will be considered usable for decision-making purposes. Limitations on the data will be
reported via validation qualifying flags on the data, when applicable. For situations in which validation
qualifying flags are not appropriate, a description of the hmitation and the impact on the use of the data
will be presented in the Data Assessment Report and taken into consideration in the decision making

process.

Ag stated in Section | of the QAPP, the following evaluation will be performed with the analytical

results:

The analytical results will be directly compared to the IDEM VRP-based screening criteria. This
comparison will be performed in a tabular format. The table will contain the VRP-based screening
criteria and the analytical results. Analytical results that exceed the screening criteria will be
highlighted on the table. If a discrete sample result exceeds the screening criteria, further evaluation of
the site will be required prior to final closure of the area. Further evaluation may or may not include

intrusive measures.
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FIGURE 1

PROJECT ORGANIZATION CHART
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FIGURE 3
THE DATA QUALITY OBJECTIVES PROCESS

1. STATE THE PROBLEM
Summarize the contamination problem that will require new environmental data,
and identify the resources available to resolve the problem.

2. IDENTIFY THE DECISION
Identify the information needed to support the decision,
and data to address the contamination problem.

3. IDENTIFY INPUTS TO THE DECISION
Identify the information needed to support the decision,

and specify which inputs require new environmental measurements.

4. DEFINE THE STUDY BOUNDARIES
Specify the spatial and temporal aspects of the environment
media that the data must represent to support the decision.

5. DEVELOP A DECISION RULE
Develop a logical "if...then..." statement that defines the conditions
that would cause the decision maker to choose among alternative actions.

6.SPECIFY LIMITS ON DECISION ERRORS
Specify decision maker's acceptable limits on decision errors,
which are used to establish performance goals for limiting uncertainty in the data.

7. OPTIMIZE THE DESIGN FOR OBTAINING THE DATA
Identify the most resource-effective sampling and analysis
design for generating data that are expected to satisfy the DQOs.







APPENDIX B




SECTION

1.9

2.0

3.0

4.0

J-PIT REDEVELOPMENT SITE
PHASE II SITE INVESTIGATION
SAMPLING PROCEDURES

TABLE OF CONTENTS

INTRODUCTION....cccnirisrieerssnisessassmssssssssassnsnssseserssnenssnanssnatnssss
1.1  Purpose and ObJectiVe.....ccovinriereecrireieeeieeci
1.2 Sampling and Analysis Plan Contents ..........cccoocoeneiienn
SITE BACKGROUND .....ccccintitnsmsorirsasssmnsisesssssnsassnsonssnssssssnsasssas
2.1 Site Location. e et
22 Site HiSIOTY .oorv oottt
2.3 Aerial Photographic Review ...
24  Site Geology/Hydrogeology ....ooocriiiinniiiininniie
2.5 Future Land USe .c.ooveoreeereecrcimcrceccei s et
TECHNICAL APPROACH AND GENERAL FIELD

OPERATIONS cciecccnirrecsicsitssannesssnsss mestessatssnsssias ses seensananasss
3.1 MoObIHZAtION .ovvivieeeeeeeeeecee e s
3.2  Field Personnel and Responsibility......ccccocooeioinininiiinnn
3.3 Field ACtIVILIES .veeeeerecreeeerreicr st s en v
3.3.1  Geoprobe® Sampling........ccocoeieeivinniecininniin,
3.3.2 Test Pit Trenches......ocoommmicnciireee s
3.3.3  Surface Water Sampling.......corveeeoemociiii

34
35
3.6
3.7
3.8
39

3.10 Field Instrument Calibration

REFERENCES......

334  Sediment Sampling .......ccoovevnemimeceiec
3.3.5 Monitoring Well Installation
3.3.6  Groundwater Sampling ......cccoovcvimvininrinsenicienen.
3377  SHE SUIVEY ceciee i v
3.3.8 Decontamination and Waste Handling....................
Sample Analysis and Preservation .......o.cuvevmveeeciicncne.
Quality Assurance/Quality Control.........oocveuemniveneecnserenens

Sample NUMbeTINg ..o vcviiieeimnrirsrrrsee i -

Chain-of-Custody, Sample Packing and Shipping...............
Documentation ....ueeeceesvceeceierererin s ses e sr e s emire e ans
Field Change and Corrective Action

-------------------------------------------

PAGE

B i el

~1 N L W W



J-PIT REDEVELOPMENT SITE
PHASE II SITE INVESTIGATION
SAMPLING PROCEDURES

TABLE OF CONTENTS

(Continued)
LIST OF TABLES
Tables
3-1 Summary Table of Sampling Analysis Program
3-2 Sample Container, Preservation, Holding, and Volume Requirements
LIST OF FIGURES
Figures
1-1 Site Location Map
2-1 Aerial Site Map
3-1 Soil Sampling Location Map
3-2 Monitoring Well Location Map

i



1.8 INTRODUCTION

This document presents the Sampling and Analysis Plan (SAP) porticn of the Quality Assurance
Project Plan (QAPP) developed for the Limited Phase I1 Environmental Site Assessment (Phase I1
ESA) of the J-Pit Redevelopment Site (Site) located in the City of Gary, Lake County, Indiana
(Figure 1-1). Baker Environmental, Inc. (Baker) has been selected by the City of Gary to perform
the site investigation portion of the Phase Il ESA.

This plan has been prepared to document the scope and objectives of the Phase Il ESA investigation
activities for the approximately 200-acre J-Pit Redevelopment Site and to ensure that Baker staff and
subcontractors employ procedures/protocols in accordance with the July 1996 Indiana Voluntary
Remediation Program (VRP) Resource Guide and industry standard engineering and geological
practices. The SAP serves as a tool for assigning responsibilities and establishing appropriate
sampling methods, rationale, and number of samples to be collected during the field investigation.
This SAP is a guide to the project team as to what samples to collect, how to collect them, and what

analytical methods to use for analysis.

1.1 Purpose and Objective

The overall objective of the Phase Il ESA is to evaluate the presence of chemicals associated with
recognized environmental conditions identified in the previous Phase I ESAs (or those determined
during on—goiﬁg field activities) that exceed IDEM VRP Tier II Residential Cleanup Goals for the
purposes of developing the site as part of the Airport Redevelopment Zone. The SAP has been
developed following the United States Environmental Protection Agency (USEPA) 7-step data
quality objective process outlined in Section 1 of the QAPP.

Specifically, the SAP has been developed to provide guidance for all field activities including
detailed descriptions of sampling and data collection methods te be used during various field tasks.
The development of the SAP helps ensure that sampling and data collection activities are carried
out in accordance with generally acceptable practices and to demonstrate that data obtained during
the field investigation are of sufficient quantity and quality to fulfill project data quality objectives
{See QAPP Section 1.0). The QAPP, SAP, and HASP have been developed to fulfill these

objectives.



1.2 Sampling and Analysis Plan Contents

The SAP has been organized to present a compréhensive document, which describes the technical

approach and field operations. The organization of the SAP includes the following Sections:

Section 1.0- Identifies the objective and the contents of the plan.
Section 2.0 -Provides background information on the areas to be investigated.
Section 3.0- Details the technical approach and sampling methods.

Section 4.0- References

Appendix C of the QAPP provides a description of the standard operating procedures (SOPs) for
each field investigation method. The SOPs are for reference purposes and are representative of
Baker’s standard operating procedures. For this reason, the duplication of site specific data is not
included in SOPs. Procedural changes made to the SOPs in the field will be noted in Eogbooké and
~“included in the final report. The text of the QAPP and the SAP were generated specifically for the
Site; thus, if any inconsistencies arise between information provided in the QAPP or SAP as
compared with any portion of the SOPs, the QAPP and SAP take precedence. It is understood that
the SOPs may be altered, if deemed appropriate, due to unknown site conditions. Any variance from
the SAP and SOPs due to field conditions will be noted in the field logbook and reported in the final
report. Although not.all of the SOPs are specifically mentioned in the work tasks, they will be

implemented as needed.



2.0 SITE BACKGROUND

The following subsections provide a description of the site regarding location, history, and previous

investigations.
2.1 Site Location

The area is comprised of the approximately 100 acre Greenspace Site {(a former sand mine known
as the J-Pit), and about 100 adjacent acres of abandoned and undeveloped property {Pilot Site). The
Pilot Site property is comprised of four individual Sections located east of Burr Street, south of 15th
Avenue, east of the E.J.& E. Railroad and north of 23td Avenue. The Site is within Sections 11, 12,
13 and 14, Township 36 North, Range 9 West of the Third Principal Meridian. The Site is in an area
of mixed usage including residential subdivisions, undeveloped properties, and some industrial areas

(Figure 2-1).
2.2 Site History

In May 2000, the City of Gary received a USEPA Brownfields Assessment Demonstration Pilot
Grant. to identify, assess, and begin the redevelopment process for brownfields located within the
200-acre J-Pit Redevelopment Site, which is a portion of the 8,200-acre Airport Devélopment Zone.
The Site is at the center of a proposed light industrial, commercial and greenspace complex. One
of the proposed restoration plans for the J-Pit is to fill in the former excavation with groundwater
to form a lake. The banks of the new lake would be restored through plantings, construction of
wetlands, and a trail would be constructed around the lake to connect to the industrial/commercial

complex and a new city park to be located adjacent to the site.

In July 2001, Phase I ESAs were performed by Environmental Design International, Inc for the
approximate 100-acre J-Pit Greenspace Site and adjacent Pilot Site parcels. The Pilot Site is

comprised of four Sections as described below:

e Section !: This Section consists of approximately 20 acres and is bound on the west by -
Hobart Street, on the north by 15th Avenue, on the cast by Dallas Street, on the southeast
by the closed Gary Municipal Landfill and on the southwest by the J-Pit.
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¢ Section 2: This Section consists of approximately 15 acres south of the J-Pit and is bound
on the south by 21st Avenue, on the west by Colfax Street, on the north by 22nd Avenue,
and on the east by Fairbanks Street. The eastern 1/5th of the Section contains a parcel

formerly occupied by an auto scrap yard.

e Section 3: This Section lies directly south of the closed Gary Landfill and consists of
approximately 30 acres bound to the east by Colfax Street, Hamlin Street and King Street;
to the south by 21st Avenue; to the north by 23rd Avenue; and to the west by Calhoun

Street.

e Section 4: This Section encompasses roughly 40 acres and is bound to the north by 21st
Avenue, to the south by 23rd Avenue, to the west by Fairbanks Street, and to the east by the
BJ&E Railroad line. Only the northern 20 acres of this Section are included in the Phase
II ESA. The remaining 20 acres are a wetland area that is not included in the redevelopment

project.

Individual Phase I ESA reports were prepared for each of these Sections and the Greenspace Site
(i.e. five total reports). Several Recognized Environmental Concerns (RECs) were documented in
the Phase I ESA Reports. In general, some Jevel of Phase II sampling was recommended for every
parcel due to their proximity to the closed Gary Municipal Landfill, two Superfund sites (Midco I
and 9th Avenue Dump), several Leaking Underground Storage Tank (LUST) sites, and specific areas

judged to constitute RECs as outlined below.

Section 1: Although the parcel is predominantly vacant, two small buildings were observed on the
west side (south of 15th Avenue), an area historically used as a junk yard. Surface and buried refuse,

tires, an old bus, metal, plastic, and empty 55-gallon drums were observed.

Section 2: Structures and scattered piles of debris including shredded tires, two empty 55-gallon
drums, and scrap metal were observed on the northeast side in the area of the former Paul's Auto
Yard (a scrap yard once located at 2124 Colfax); and LeRoy’s Used Cars (previously Jocated at 2150
Colfax). The structures at Paul’s Auto Yard have been demolished and the ground leveled. As a
consequence buried material exist at the Site. In addition, scattered rubbish was observed along the

boundary line with the J-Pit area to the north.



Section 3: The north and northwest portions of this parcel reportedly were used in the past for car
repairs and dumping. Prior to 1990, the Gary Municipal Landfill did not have a shurry wall along
the approximatety 1,200 foot common property line. Active junkyards are located adjacent to
southwest. Bivona, Inc., to the southeast was listed on the Toxic Release Inventory (TRI) for
Trichloroethane (TCE), and currently is enrolled in the IDEM VRP for chlorinated solvents. Debris,
scattered piles of rubbish including shredded tires, and stressed vegetation were observed at various

locatijons throughout the site.

Section 4: Partially buried construction debris was observed near the boundary fence of the J-Pit

(north border); and railroad tracks are located along the west border.

Greenspace Site (J-Pit): At one time this Section was operated by Waste Management as a waste
area. An oily, rust-colored unknown substance was observed in an approximately 1,300 foot
excavated ditch located on the north side of the pit. Debris was observed along the perimeter
including tires, concrete piping, concrete, scrap metal, plastics, and some buried debris. Three
monitoring wells were observed partially submerged in water on the east side, as well as one well
in the southeast corner and one in the northeast corner of the site. A groundwater and leachate
collection system for the closed Gary Municipal Landfil! is located on the east side. The system is
seven feet in diameter, with three inlets from the south, north and northeast. Inlet piping runs under
vegetation in a ditch extending along the east end of the parcel. The west wall of this ditch is used
as a service road. Much of the J-Pit is flooded dﬁf‘mg the winter and spring months Stressed

vegetation was observed along the wall of the ditch, five feet from the bottom during the Phase 1
ESA.

2.3 Aerial Photographic Review

As part of the evaluation of site background, ﬁﬂ(er reviewed aerial photographs from 1938, 1958,
1965, 1973, 1987 and 1992, acquired from the records of the Soil Conservation District for Lake
County, Indiana. In 1938 the site was part of a largely undisturbed dune and swale topography
typical of the majority of the region. By 1958 the J-Pit sand mine (Section 5) and the Gary
Municipal Landfill were visible and apparently active. Subsequent photographs indicate periodic

flooding of the J-Pit and the emerging industrial and semi-industrial development of the surrounding



vicinity. The surrounding properties (Sections ! to 4) remained largely undeveloped, except for the

construction of subdivisions in Section 2 and some businesses along Colfax Avenue.

2.4 Site Geolory/Hydrogeology

According to the 1992 United States Department of Agriculture (USDA) Soil Conservation Service
(SCS) Soil Survey of Lake County, Indiana, the site and immediate area are underlain by the
Oakville-Tawas complex and the Tawas Muck soils. The Oakville-Tawas complex is comprised of
about 45 percent Oakville sand and 45 percent Tawas Muck. The Oakville sand is a black to
yellowish brown, excessively drained, fine sand located on narrow ridges. The Tawas muck is a
black, deep, very poorly drained organic muck underlain with a grayish-brown loose sand in
depressions between the Oakville sand ridges (1992, USDA, Lake County Soil Survey). The surface
at the site has been heavily altered by sand mining, filling, grading, spreading gravel and stockpiling

activities.

The site is located at the boundary of lacustrine deposits of the Calumet Lacustrine Plain
physiographic region and the Toleston Beach complex. The Calumet Lacustrine Plain has been
heavily altered due to industrial and residential development. Where undisturbed, the area is
dominated by three relict dune-capped beach ridges separated by broad inter-ridge marches. The
Toleston Beach complex extends from between the Little Calumet River and the Grand Calumet
River to Lake Michigan and is characterized by linear ridges of unified parabolic dunes interspaced
with interdunal swamps (dune and swale). The unconsolidated materials were deposited in the
Wisconsin age, with a combiﬁed action of ice, wind and water. The glacial deposits in the vicinity
and surrounding area have an estimated thickness of 150 feet (1994, Department of Environmental

Resources Water Resource Availability in the Lake Michigan Region, Indiana).

The site is within the Calumet Aquifer System consisting of fine to medium sand with beach gravel

beds. Discontinuous beds of silt, clay and peat deposits confine the aquifer in some locales. The .
aquifer is considered highly susceptible to surface contamination due to the lack of a clay cap or .
separator beds (1994, Department of Environmental Resources Water Resource Availability in the
Lake Michigan Region, Indiana). Regional groundwater flow is anticipated to be to the north toward
the Grand Calumet River and Lake Michigan, but due to the location of the site between the Grand

Calumet and Little Calumet Rivers, local groundwater flow may differ.
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The unconsolidated soils are underlain by the Wabash Formation within the Kankakee Arch. The
Wabash Formation is comprised of reef and inter-reef Silurian dolomite, dolomitic limestone and

argillaceous limestone (1994, USGS Hydrogeologic Atlas of Aquifers in Indiana).

2.5 Future Land Use

The future land use is to redevelop the 200-acre J-Pit Redevelopment Site, within the 8,200 acre
Airport Development Zone. Included in development process for the J-Pit and Pilot Site is to
assess and maintain area wetlands, and to fill the J-Pit with groundwater to form a lake. The
banks of the new lake are to be maintained through the planting and construction of wetland
habitat. A trail would be constructed connecting the industrial/commercial complex and the new
city park adjaéent to the site. The development process will create jobs, provide training
opportunities for local residents, and establish safe and productive industries. The
redevelopment process will also facilitate the infusion of tax revenue to the city, further

improving the quality of life for residents.



3.0 TECHNICAL APPROACH AND GENERAL FIELD OPERATIONS

This section presents an overview of the field investigation including specific details of the
investigations. The field investigation shall reflect the criteria to meet the Phase Il ESA objectives

identified in Section 1.0 and the QAPP.
3.1 Mobilization

The field investigation will be initiated through mobilization activities including equipment
procurement, utility clearances, location of decontamination and drum storage areas, etc. All
subsurface exploration, field equipment, and decontamination equipment and associated materials
will be mobilized by Baker's subcontractors. Sample labels, containers, identification numbers, and
tracking documents will be provided by the contracted laboratory. Remaining sampling equipment

and other supplies will be collected and provided by the Baker field team.

3.2 Field Personnel and Responsibility

Baker intends to staff the investigation with a Project Manager, a Project Geologist serving as the
Field Team Supervisor, and a Ficld Sampling Team. Additionally, administrative and technical
support will be available for various tasks of the project. Figure 3-1 of the QAPP presents the
Project Organization Summary. A brief summary of staff employed for the implementation of the
SAP is provided below. For a further description of key personnel for the project, please refer to the
QAPP and HASP (Appendix A of the QAPP).

The Project Manager will have as primary responsibilities: monitoring technical, cost and schedule
performance; orchestrating Baker's overall Quality Assurance (QA) efforts, document reviews and
cost/schedule reviews; and maintaining close communication with the City-of Gary, USEPA and

IDEM project representatives.

The Project Geologist will locate the sample and menitoring well locations and be responsible for
on-site technical aspects of the project. He will be the primary contact with City of Gary Project
Manager throughout the field activities. The Project Geologist will also maintain the field log book,

maintain all sample documentation, take project photographs, and conduct and supervise sample
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collection and sample packaging.

The Field Team Supervisor will be responsible for directing all investigation activities and
accomplishing the work in accordance with the SAP. The Project Geologist for this project will also

serve as the Field Team Supervisor.

The Health and Safety Coordinator will be responsible for assuring compliance with the HASP. In
addition, he will use air-monitoring instruments to indicate whether or not an upgrade in the level
of personal protection is necessary. The Project Geologist for this project will also serve as the

Health and Safety Coordinator. The HASP is bound as a separate project document (Appendix A).

The Sampling Team will assist the Project Geologist as needed with sample collection, packaging,

and calibration of field instruments.
3.3 Field Activities
Activities associated with the field investigation include:

¢  GeoProbe® and Soil Sampling Investigation
e Test Pit Soil Sampling

e Sediment and Surface Water Sampling

e - Installation of Groundwater Monitoring Wells

e Groundwater Sampling

Each of the above field activities are discussed in detail in the- following sections for each of the five

Sections of the Site. Optional field activity is presented for use during potential subsequent

sampling events.
3.31  GeoProbe® Sampling

The first phase of sampling will be accomplished through the use of a GeoProbe® rig collecting
surface and subsurface soil samples. The objective of the GeoProbe® sampling is to determine

whether a release associated with the previously discussed areas of environmental concern exceed
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the IDEM VRP Tier II cleanup goals. For each area, a base number of GeoProbe® borings have
been determined for the initial sampling. General sampling locations for each area are shown on
Figure 3-1. Actual sample locations will be determined in the field based upon observed areas of
elevated environmental concern (i.e., buried drums, debris piles, etc.). In the event that additional
areas are encountered during the field activities, GeoProbe® borings may be relocated, or additional

borings added to the investigation, pending authorization from the City of Gary Project Manager.
GeoProbe® borings will be located at each of the five Sections (Figure 3-1) as follows:

e Section 1: atotal of seven GeoProbe® borings will be advanced. The focus will be on the

area west of Colfax Street.

» Section 2: a total of five GeoProbe® borings will be advanced focused on addressing local

community concems along the southern border.

e Section 3: a total of eight GeoProbe® borings will be advanced. The focus will be on the
gastern border with the Bivona VRP site and northern border with the Gary Municipal
Landfill

¢ Section 4: a total of four GeoProbe® borings will be advanced. The focus will be on the

area west of Colfax Street.

e Section 5: a total of six GeoProbe® borings will be advanced. The focus will be on the
western and the southern borders where the native sands still exist above the upper clay

formation.

At each sampling location, the GeoProbe® sampler will be fitted with a new acetate sleeve and
advanced at 4-foot intervals to groundwater (estimated at a depth of 5 to 15 feet bgs). Each 4-foot
GeoProbe® soil sample will be opened at the surface, screened using a photoionization detector
(PID) and logged by the on-site geologist. One soil sample will be selected from each borehole
based upon PID readings, and visual and field indications of the highest soil contamination in each
boring. In the event that no indications are observed, Non-VOC soil samples will be collected based

upon on the most likely location of COC based upon the soil type and COC characteristics or other
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visible signs of contamination, per the observations of an Indiana licensed, professional geologist.

Soil will be transferred from the GeoProbe® acetate sampler into laboratory supplied jars with a
decontaminated stainless steel spoon. Soil samples will be placed on ice in a cooler pending
submittal to the laboratory. The GeoProbe® sampling procedures are presented in Appendix B of
the QAPP. Following the sampling activities, each GeoProbe® borehole will be backfilled to the

ground surface with bentonite.

3.3.2 Test Pit Trenches

The test pits are to be conducted following the GeoProbe® phase of the investigatioh. Test pittrenches
will be conducted in the former Paul's Auto Yard to evaluate subsurface conditions of reported
historical buried materials or at any other location identified during the GeoProbe® investigation.
Test pits and trenches permit detailed exploration of the nature and extent of contamination of in-situ
materials, and the characteristics and stratification of near surface materials using standard
equipment to a common depth of up to 15 feet. Test pits normatly have a width ranging from two
to ten feet or greater, depending on the objectives of the excavation and the equipment used. While

test trenches are elongated test pits, usually three to six -feet wide and extending for any desired

length.

Excavation shall commence by removing lifts of no more than 6 to 12 inches of soil. The test pits
and trenches shall be logged and sampled by the Project Geologist. The field logs shall provide the
exact dimensions and location of the test pits or trenches as well as soils classification and
description in accordance with the Baker standard operating procedures in SOP F001 (Appendix C).
Samples shall only be collected from material in the equipment backhoe bucket, or from the
excavated material. Prior to and after each test pit excavation or sampling location, equipment shall
be thoroughly decontaminated. After inspection and completion of the appropriate test pit logs,
backfill material will be retumed to the pit under the direction of the Project Geologist. Backfilling .
of trenches and test pits is normally accepted practice to reduce immediate sitc hazards and

minimize the potential for rainwater accumulation and subsequent contaminants migration.

During the test pit excavations, three soil samples will be selected for analysis based upon PID

readings, and visual and field indications of the highest soil contamination.
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3.3.3 Surface Water Sampling

Surface water sampling will be collected within the J-Pit at the approximate locations identified on
Figure 3-1. In addition to the surface water samples collected in the J-Pit, two surface.water samples
will be collected from ditches immediately to the south of Section 2. The locations will address
local residents concerns and will be determined by the City of Gary. Sediment/surface soil samples
may replace surface water samples within the pit if no surface water is present at the time of sample
collection. Water samples will be collected from the middle of the water column. The sample will
be collected at least six inches above the bottom to avoid stirring up the sediment and biasing the
sample. Care will be taken to minimize sediment disturbance while collecting surface water

samples.

Samples will be collected using one of the following sampling devices: dipper cup, sampling bomb,
Kemmerer sampler, or directly into laboratory bottles, with preservation at the surface, based upon

site conditions at the time of the sampling event.

The Kemmerer sampler (preferred method) is a brass, stainless steel or acrylic cylinder with rubber
stoppers that leave the ends open while being lowered in a vertical position to allow free passage of
water through the cylinder. A "messenger” is sent down the line when the sampler is at the
designated depth to cause the stoppers to close the cylinder, which is then raised. Water is removed

through a vaive to fill sample bottles.

Samples may be collected by immersing either the approved sample container or a glass or nalgene
beaker into the water. Sample botties (or beakers) which do not contain preservativ‘es will be rinsed
at least once with the water to be sampled prior to sample collection. Care will be taken to avoid
excessive agitation of the water, which may result in the loss of volatile constituents. Additionally,
samples for VOC and SVOC analyses will be collected first, followed by the samples for RCRA
metals. Measurements for temperature, pH, specific conductance, or other ficld parameters, as

appropriate, may be collected immediately following sample collection for laboratory analyses.

Samples slated for VOC, SVOC and RCRA metals analysis will be collected directly into laboratory
supplied bottles and placed on ice pending shipment to the laboratory. All samples will be collected
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according to SOP 105 and handled as described in SOP F301 (Appendix C of the QAPP). The

sampling locations shall be marked via wooden stakes placed at the nearest bank or shore.

3.3.4 Sediment Sampliog

Sediment sampling will be collected within the J-Pit at the approximate locations identified on
Figure 3-1. In addition to the sediment samples collected in the J-Pit, two sediment samples will be

collected from ditches immediately to the south of Section 2.

Following collection of surface water samples, sediment samples may be collected from the top of
the sediment to a depth of 0.5 feet. As with surface water samples, sediment samples will be
obtained using on-shore techniques. Sampling personnel shall use judgment in removing large plant

fragments to limit bias caused by bioorganic accumulation.

Sediment sampling will be conducted using one of the following sampling devices: hand auger,
sediment core samples, Eckman or Ponar dredge, based upon site conditions at the time of the

sampling event. Sediment will be placed in a stainless steel bowl and allowed to drain by partially

decanting accumulated liquid,

Sediment corer or bucket (hand) auguring is a viable method for collecting sediment samples in
shallower locations. The auger hole is advanced one bucket or core af a fime, to a depth of 0.5 feet.

The same bucket auger or sediment corer is used to advance the hole, as well as collect subsequent

samples in the same hole.

Dredges are generally used to sample sediments which camot easily be obtained using coring
devices (i.e., coarse grained or partially cemented materials), or when large quantities of materials
are required. Dredges generally consist of a clam shell arrangement of two buckets. The buckets

muay cither close upon impact or be activated by use of a messenger.
The Eckman dredge performs well where bottom material is unusually soft, as when covered with

organic sludge or light mud. The Ponar dredge is one of the most effective samplers for general use

on all types of substrates. Access to the secured sample through the covering screen permits
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sampling of the secured material with coring tubes or Teflon scoops, thus minimizing the chance

of metal contamination from the frame of the device.

Samples will be transferred into laboratory supplied bottles, placed on ice and delivered to the
contract laboratory for analysis. All samples will be collected according SOP 105 and handled as
described in SOP F301 (Appendix C of the QAPP). Following sampling, staking of location and

logging of sampling information shall be conducted.
3.3,5 Monitoring Well Installation

New monitoring wells will be installed, following the previous field activities using either hollow-stem angers
or direct push technigues depending on the projected depth of individual wells. Wells to be installed at depths

of 20 feet bgs or more wil} require hollow-stem angers to advance the borehole.

Split-spoon samples will be collected to the boring terminus based upon reviewing boring logs in general
accordance with ASTM Method D 1586-84. Alternatively, where groundwater is encountered less than 20 feet
bgs, direct push wells may be installed. The wells will be installed directly into the formation with a one-inch
sand filter pack. The direct push, or naturat filter, wells may have higher percentage fines and lower relative
hydraulic conductivities, as compared to standard two-inch well installation. The wells will be developed as
described below, but may require additional well volumes. Monitoring wells will be installed in each of the

five Sections as follows (Figure 3-2).

¢ Section 1: Four monitoring wells will be advanced with focus on the area west of Colfax
Street.

¢ Section 2: Four monitoring wells will be installed, with one in the area of the former scrap
yard, two along the residential properties at the south of the Section, and one along the north
side in the anticipated down gradient direction of the scrap yard.

e Section 3: Four monitoring wells will be installed, one along the eastern border with the
Bivona VRP site, one on the northern border with the landfill, one on the eastern border and
one on the southern border.

e Section 4: Two monitoring wells will be installed: one in the central area of the Section and
one across from the railroad tracks.

e Section 5: two monitoring wells will be installed. These will be installed along the western

and northwest borders. Since the J-Pit is at the bottom of the upper overlying sand aquifer,
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only a limited number of well locations are feasible in the J-Pit. As a consequence staff

gauges may be used to assist in developing hydrogeologic data for groundwater flow

diagrams.

e Inaddition two existing shallow wells at the City of Gary Landfill property will be evaluated

and, if feasible, selected for analysis.

Installation of the monitoring wells will consist of 2-inch diameter, Schedule 40 PVC screen and
riser. The screen will be 10 feet long with 0.010-inch machined slots. The annulus surrounding the
well screen will be backfilled from the bottom of the borehole to a minimum of two feet above the
top of the screen with 10 to 12 mesh silica sand. A two-foot thick bentonite seal will be placed
above the sand backfill. The remaining annulus surrounding the well riser pipe will be tremie
grouted with a cement/bentonite grout or suitable grout, as determined by the on-site geologist.

Selected locations may be completed as flush-mounted wells or with stick-up protective casings
depending upon their location relative to roadways and property constraints. Both completion
techniques will require that the final casing (flush or stick-up) will be embedded in a concrete pad

and supplied with a locking cap and lock. The pads will be sloped so as to provide positive drainage

away from the well.

A description of standard operating procedures for drilling and installing monitoring wells (F100
through F103) are presented in Appendix C of the QAPP.

The newly installed monitoring wells will be developed no sooner than 24 hours following
installation. Prior to development, measurements of the static water level and total depth will be
. recorded for well volume calculations. A minimum of three and a maximum of five well volumes
will-be evacuated either through bailing or pumpingt - The field parameters of pH, specific
- conductance and temperature will be recorded in fhe field books after each well volume has been
evacuated. The wells will not be considered developed .until stability of the field parameters
(typically less than 10 percent change between three successive measurements) or evacuation of a
maximum of five volumes has occurred. All discharge waters will be handled in accordance with

SOP F504 - Handling of Site Investigaﬁon Derived Waste (Appendix C of the QATPP), as discussed
in Section 3.3.6.
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3.3.6 Groundwater Sampling

An initial groundwater sampling event will be conducted one week following the development of
the new monitoring wells. Figure 3-2 shows the location of these wells. Prior to purging, static
water level and total depth measurements will be recorded for well volume calculations. As with
well development, a minimum of three and a maximum of five well volumes will be evacuated prior
to sampling. The preferred well evacuation/sampling method is the use of a submersible pump.
Other acceptable well evacuation methods include a peristaltic pump or bailer.

Measurements of pH, specific conductivity, and temperature will be recorded after the evacuation
of each well volume. The wells will not be considered sufficiently purged until stability of the field
parameters {typically less than 10 percent change between three successive measurements) or

removal of 2 maximum of five volumes has occurred.

Each groundwater sample will be analyzed for the following parameters: .

e Volatile organic compounds (VOCs) - SW-846 Method 8260
e Semi-volatile organic compounds (SVOCs) - SW 846 Method 8270
¢ RCRA metals - SW-846 Methods

RCRA metals will be collected in preserved sampling bottles. The SOP for groundwater (F104)
sample collection is presented in Appendix C of the QAPP.

3.3.7 Site Survey

Following field activities, the sample locations will be measured for horizontal control by V-3

Consuitants personnet. New monitoring wells will be surveyed to already existing monitoring wells

. for vertical and horizontal control. The survey will be performed with standard, acceptable

surveying practices as required by the State of Indiana. All surveying will be conducted under the

supervision of a Registered Land Surveyor licensed in the State of Indiana.

3.3.8 Decontamination and Waste Handling

Prior to field activities, between each boring location, and prior to leaving the site, hollow- augers,
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mud rotary tooling, and all associated drilling and sampling equipment will be steam cleaned in
order to prevent cross-contamination. During field activities, tooling, split-spoon samplers, and

associated sampling equipment will be decontaminated via the following six step procedure:

¢ Alconox soap and potable water wash
e Potable water rinse

e Isopropyl alcohol or methanol wash

o Distilled water rinse

¢ Nitric acid (5%) wash

e Triple distilled water rinse

This same sequence for decontamination will be used for smaller equipment (such as spoons,

trowels, and bailers), but without steam cleaning. Personal decontamination steps are described in

the HASP (Appendix A of the QAPP).

Purge water and associated decontamination fluids, wiil be placed into properly labeled 55-gallon
drums or polyvinyl tanks, and stored in a secured arca within the property pending analytical results.
Soil cuttings may be drummed or stockpiled on plastic sheeting, covered with plastic sheeting and
disposed with the soils to be excavated. Health and safety disposables, such as sampling gloves,
paper towels, or other materials which may come in contact with potentially contaminated materials

will be placed in suitable containers and stored with the solid and fluid wastes pending analytical

resulfs.

Purged water and investigation derived waste (IDW) will be discharged into fifty-five gallon drums
and stored on-site until the status of groundwater quality is determined, for later disposal by the City
of Gary. Baker will collect representative samples during the generation of the IDW for the City of
Gary. '

Appendix C of the QAPP presents SOPs for Decontamination of Drilling Rig and Monitoring Well

Chemical Sampling (F501), Field Analytical Equipment Decontamination (F502), and Handling of
Site Investigation Wastes (F504), respectively.
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34 Sample Analysis and Preservation

The samples will be analyzed for the following parameters (See Table 3-1 and Table 3-2):

e Volatile Organic Compounds (VOCs) analyzed via USEPA SW-846 Method 8260B.

¢ Semi-Volatile Organic Compounds (SVOCs) analyzed via USEPA SW-846 Method 8§270A.

o Metals (As, Ba, Cd, Cr, Pb, Se, and Ag) are analyzed via USEPA SW-846 Method 6010Hg
is analyzed via USEPA Method SW-846 method 7471a for solid and 7470a for aqueous.

All samples will be preserved with ice to a temperature of 40 Celsius prior to transportation to the
analytical laboratory (routine groundwater samples). Aqueous samples (groundwater, Quality
Assurance/Quality Control [QA/QC] samples and blanks) to be analyzed for VOCs will be preserved
with hydrochloric acid to a pH of less than 2. Aqueous samples to be analyzed for RCRA metals
will be preserved with nitric acid (HNO3) to a pH of less than 2 and field filtered prior to preserving

the sample.

The number and type of samples for each sampling event are described on Table 3-1. Appendix D
of the QAPP presents the Sample Preservation SOP.

35 Quality Assurance/Quality Control

During the field activities, an appropnate number of QA/QC samples will be collected in order to
verify the accuracy of data supplied by the on-site laboratory. Duplicate samples will be collected
at a ratio of one duplicate in 10 samples (10 percent) and one matrix spike/matrix spike duplicate
(MS/MSD) in 20 samples (5 percent). This ratio of QA/QC sample collection will be maintained
during each subsequent routine sampling event. In addition to the duplicates and MS/MSD samples,

an appropriate number d_f rinsate blanks and trip blanks will be collected as specified in the QAPP.

3.6 Sample Numberi;_lg

Subsurface soil samples will be designated with a SB prefix (for Soil Boring)) and boring number
followed by the individual sample number from that location. An example of this would be SB0O1-
01: where SB indicates a Soil Boring; 01 indicates the first boring in the series; and -01 designates

the first sample collected from that boring.
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Monitoring wells instatled during this investigation will have an MW prefix followed by the number
designation. Groundwater samples collected from the initia] sampling event, conducted after the
installation of the new wells, will be designated simply by the well number (i.e., MW-01). The

surface water samples will have an SW prefix, and sediment samples a SD prefix.

Samples from which QA/QC samples were collected will have the suffix of D for duplicate, and
MS/MSD for matrix spike/matrix spike duplicate attached to the sample designation. Rinsate blanks

will be designated by the prefix RB and a sequential number, and trip blanks will be designated by
a TB prefix.

37 Chain-Of-Custody, Sample Packing and Shipping

Proper chain-of custody documentation will be maintained for all samples from the time of
collection until they are shipped to the laboratory. Chain-of-custody sheets accompanying the
samples will contain the following information: project number, sampler(s) name, sample numbers,
number of containers, method(s) of preservation of samples, date and time of sample collection,
analysis(es) requested, date and time of transportation to the laboratory, method of transportation,
and any other information pertinent to the samples. Sample documentation will be prepared in
accordance with Baker's SOP for sample Chain-of-Custody (F302), which is included in Appendix
C of the QAPP.

3.8 Pocumentation

A single notebook will be dedicated to the investigation and will serve as a daily logbook detailing
the weather and activities of the day, including work accomplished, those present on site, and
technical issues such as sample numbers, descriptions of sample -locations, any problems
encountefed during sample collection and preservation methods. The Field Logbook SOP (F303)
is presented in Appendix. C of the QAPP.

3.9 Field Chanee and Corrective Action

If changes become necessary due to field conditions (e.g., weather problems, obstruction to sampling

locations), the proposed change will be communicated from Baker's Field Team Supervisor to
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Baker's Project Manager, and then to the City of Gary Project Manager. Upon mutual agreement
of the best method of solving the problem, the method will be implemented and the changes

documented, with the documentation placed in the project file.

3.10  Ficld Instrument Calibration

Equipment calibration will be performed at the frequency and using the directions recommended by
the manufacturer of each piece of equipment. Calibration will be performed daily, in the morning,

prior to initiation of field activities. Refer to Appendix C of the QAPP for PID (F203) and O2/LEL
Meter (F206) SOPs, respectively.
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BOREHOLE AND SAMPLE LOGGING

10 PURPOSE

This SOP provides general reference information and technical guidance on borehole and sample logging.
Borehole logs provide information that is used in the determination of geological conditions, assessment of
contaminant distribution, and the evaluation of remedial actions.

20 SCOPE

This SOP provides descriptions of the standard techniques for borchole and sample logging. These
techniques shall be used to provide consistent descriptions of subsurface lithology for each boring that is
logged. While experience is the only method to develop confidence and accuracy in the description of soil
and rock, the field geologistfengineer may develop adequate classifications through careful, thorough
observation and consistent application of the classification procedure.

3.0 DEFINI'I‘]_[ONS

Soil classifications and terms are given in Sections 5.2 and 5.3. Rock classification and terms are presented
in Section 5.4.

4.0 RESPONSIBILITIES

Project Manager - It is the responsibility of the Project Manager to ensure that field personnel responsible
for borehole logging are familiar with these procedures. 1t also is the responsibility of the Project Manager

to ensure that the appropriate documents (e.g., test boring logs, field logbooks, etc.) have been correctly and
completely filled out by the drilling inspector.

Field Team Leader — The Field Team Leader is responsible for the overall supervision of the drilling and
boring activities, and for ensuring that each borehole is completely logged by the responsible drilling
inspector. The Field Team Leader also is responsible for ensuring that all drilling inspectors have been
briefed on these procedures. The field team leader is responsible for providing copies of the test boring Jogs

and field log books to the Project File via the Project Manager on 2 weekly basis, unless otherwise specified
by the Project Manager.

Drilling Inspector - The drilling inspector (site geologist) is responsible for the direct supervision of boring
and sampling activities. Itis the Drilling Inspector’s responsibility to log each boring, document subsurface
conditions, complete the appropriate forms, and direct the drilling crew (or drilling supervisor).

5.0 PROCEDURES

The classification of soil and rock is one of the most important jobs of a drilling inspector or site geologist.
It 1s imperative that the drilling inspector understand and accurately use the field classification system
described in this SOP to maintain a consistent flow of information. This identification is based on both
visual examination and manual tests. The results aof the boring activities, including soil and rock
classifications, shall be recorded on a Field Test Boring Record (Attachment A) or the field notebook.

Pl



Page 3 of 14

5.1 Test Boring Record

- Each boring shall be fully described in a Field Test Boring Record. The drilling inspector shall log the
boring, as it is being drilled, by recording relevant data on the Boring Record. It may be more appropriate
to record the boring information in a bound field log book so that alf boring logs recorded (by each drilling
inspector) are located in one source. The use of a field log book precludes the possibility of losing individual
test boring log sheets. Furthermore, use of the ficld log book allows for the recording of additional
information (i.c. notes) for which space is not allocated on the Field Test Boring Record. Field Test Boring
Reécords may then be transcribed from the field log book, but must be completed at a minimum, on a weekly
basis. The Field Test Boring Records must be completely filled out and signed prior to demobilization from
the site. Field Test Boring Records must also be legible. Completed Field Test Boring Records shall be
converted 1o report format using a Test Boring Record.

The data which is to be included on the Test Boring Records, when applicable is listed below.

1. Project name, location, and Project and Task Number.,
- 2. Date(s). '
3. Identifying number and location of each boring.
4 Soil classifications in accordance with the Unified Soil Classification System (see Section

5.2 and Attachment B). These classifications will be noted in the field by the drilling
inspector and revised, if necessary, based on laboratory analysis and review. Both field
determined USCS soil classification and a soil description shall be included on the Test

Boring Record.
5. Depth limits, and the type and number of samples taken.
6. The number of blows required for each 6-inch penetration of a split-spoon sampler and for

each 12-inch penetration of casing. The percentage of sample recovered, hammer weight,
faltlength, and hydraulic presseres to push thin-walfed tubes. -

7. Depth to water as first encountered during drilling operations, along with the method of
determination. Any distinct water bearing zones shall also be delineated.

8. Loss of drilling fluid (indicative of subsurface voids) and the interval over which it was
observed.

9. Identification of equipment used, including model and type of drilling rig, size of split spoon
samplers, auger types and sizes, etc.

- 10 Start date and completion dates for the boring.

H. Name of the drilling company and the driller.

12. Size and length of the casing used in each hole.

3. Observations of visual contamination.

14. Field instrument readings (i.e., photoionization detector, organic vapor analyzer).
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o
E
TEST BORING RECORD
PROJECT:
BORING NO.:
COORDINATES: EAST: NORTH:
ELEVATION: SURFACE: TOP OF PVC CASING:
RIG:
WATER
pate | FPROGRESS WEATHER | pEPTH | ToME
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T = Shelby Tube W= Wash RQD = Rock Quuality Designation (%)
R = Air Rotary C=Core Lsb. Clags = USCS (ASTM D-2487) or AASHTO (ASTM D-3282)
D = Denison P = Piston Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis
N = No Sample
Depth Samp. Samp. SPT Lab PiD
{fL) Type Rec. oo Class. {ppm)
cand 4 (& RQD or - = Visual Description Elevation
No. A Pen.
Rate
b _
2 ] —
5] _
4 | : N
5 | 7
6 | ]
7 ]
g | ]
9 __ B
0 | 7]
Maich 1o Sheet 2
DRILLING CO.: BAKER REP.:
DRILLER: BORING NQ.:

SHEET 1 OF2




TEST BORING RECORD
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PROJECT:
BORING NO.:
SAMPLE TYPE DEFINITIONS
§ = Split Spoon A= Auger SPT = Standand Penetrution Test (ASTM D-1586)XBlows/0.57)
T=Shelby Tube W =Wash RQD = Rock Quality Designation (%} ‘
R = Air Rotary C=Cor Lab, Class, = USCS (ASTM D-2487) or AASHTO (ASTM D-3282)
I = Denison P = Piston Lab. Molst. = Moisture Content (ASTM D-2216) Dry Weight Basis
N = No Sample
Depth Samp. Samp. SPT L=b PID
(L) Type Rec, or Class. {ppm)
and (L& RQD or Visual Description Elevation
No. %) Pen
Rate
] Continued from Sheet |
1 - J
12 ] N
13 ] 7]
4 | -
15 _] 7]
16 | 7]
17 ]
15 | ]
19 | T ) .
20 E
21 ] ]
2 ] .
23 7
24 ] 7]
25 | R
2% | _
27 ] ]
2 | -
29 | -
30 ] -
DRILLING CO- BAKER REP:
DRILLER: BORING NO.:

SHEET 2 OF 2
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As the boring is advanced, the inspector shall evaluate the samples and the cuttings to detcrfnine the location
of each stratigraphic unit. The descriptions should contain color, grain-size distribution, consistency,
moisture, etc., in addition to the USCS classification category (Section 5.3.7).

Each sample collected for chemical or geotechnical analysis shall be handied as described in SOP F102.
52 Soil Classification

The data shall be recorded on a Field Test Boring Record, or in a field logbook. The method of deriving the
classification should be described, or reference made to this SOP or other applicable manuals. Both the soil
classification and the soil descriptions must be entered on the Field Test Boring Record. Ifrequired, the soil
classification shall consist of the two-letter USCS classification; the soil description shall be much more
detailed. -

Where required, soils will be classified according to the USCS. The USCS method of classification is
detailed in Attachment B and identifies soil types on the basis of grain-size and liquid limits, and categorizes
them through the use of two letters.  Although some laboratory testing is required for full USCS
classification, preliminary classifications may be made in the field.

Fine-grained soils are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C). Some
classification systems define size ranges for these soil particles, but for field classification purposes, they
are identified by their respective behaviors. Organic material (O) is a common component of soil but has -
no size range; it is recognized by its composition; peat is designated by *Pt.” Coarse-grained soils are
divided into sand (S) or gravel (G). The careful study of the USCS will aid in developing the competence
and consistency necessary for the classification of soils. B
The second letter of the two-letter USCS symbol provides information about the grain size distribution of
granular soil, or the plasticity characteristics of fine-grained soils. These second letter modifiers are (P)

poorly graded/well sorted, (W) well graded/poorly sorted, (C) clayey, (M) silty, (L) low plasticity, or (H)
high plasticity.

53 Soil Descriptions

- The Test Boring Records shall contain complete soil descriptions in addition to the two-letter USCS
classification, if required. Soil descriptions include the following components: grain size identification with
descriptive terms indicating the relative percentage of each grain size, color, consistency or relative density,
moisture content, organic content, plasticity, and other pertinent observations such as visual contamination,
HNu measurements, etc. A summary of the soil description components is given in Attachment C.
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531 GQGraio Size Identification

In nature, soils are comprised of varying size, shape, and combinations of the various grain types. The
following terms are used to indicate soil grain size:

Size Size Limits

Cobbles 3-inches to 12-inches

Coarse gravel 3/4-inches to 3-inches

Fine gravel 4.76 mm (# 4 sieve size) to 3/4-inches
Coarse sand 2 mm (# 10 sieve size) to 4.76 mm
Medium sand 0.42 mm (# 40 sieve size) to 2 mm

Fine sand 0.074 mm (# 200 sieve size) to 0.42 mm
Silt 0.002 mmto 0.074 mm o
Clay less than 0.002 mm

The proportion of each grain size (by weight percent) is indicated using the descriptive terms: ™

Trace 0 to 10 percent

Little ' 10 to 20 percent

Some : , 20 to 35 percent

And (or an adjective form of the grain size, .
i.e., sandy, silty, clayey) 35 to 50 percent

Some examples of soil grain size descriptions are:

© Siity fine sand: 50 to 65 percent fine sand and 35 to 50 percent silt.

® Medium to coarse sand, some silt: 65 to 90 percent medium to coarse sand, 20 to 35 percent
silt. '

e Fine sandy silt, trace clay: 50 to 65 percent silt, 35 to 50 percent fine sand, and 0 to 10

percent clay.

The soil type may be classified as noncohesive, granuiar soils or as cohesive, fine-grained soils as discussed
in Section 5.3.3. The grain shape of a soil usually does not need to be determined unless unusual or unique
features are readily apparent.

53.2 Color

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier to
denote variations in shade or color mixtures. A soif could therefore be referred to as "gray” or "light-gray"
or "blue-gray.” Since color can be utilized in correlating units between sampling locations, it is important
for color descriptions to be consistent between borings.

Colors must be described while the sample is still moist. Soil samples shali be broken or split vertically to
describe colors because sampling devices tend to smear the sample surface creating color variations between
interior and exterior.
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The term "mottled" shall be used to indicate soil irregularly marked with spots of different colors. Soil color
charts shall not be used unless specified by the Project Manager.

533 Relative Density and Consistency

To classify the relative density and/or consistency of a soil, the drilling inspector first shall identify the soil
type. Granular soils contain predominantly sands and gravels. These types of soil are noncohesive (particles
do notadhere well when compressed). Conversely, fine-grained soils which contain predominantly silts and
clays are cohesive (particles will adhere when compressed).

The density of noncohesive, granular soils or the consistency of cohesive soils is classified according to
standard penetration resistances obtained from split-spoon (split-barrel) sampling performed according to
ASTM D~ 1586. Standard penetration resistance is the number of blows required to drive a split-barrel
sampler with a 2~ inch outside diameter 12-inches into the material using a 140-pound hammer falling freely
through 30-inches. In cases where geotechnical information is required, the standard penetration test is
performed by driving the sampler through an 18-inch sample interval, the number of biows will then be
recorded for each six-inch increment. The density designation of granular soils is obtained by adding the
number of blows required to penetrate the last 12 inches of the sample interval. It is important to note that
if gravel and rock fragments are broken by the sampler, or if rock fragments are lodged in the tip, the
resulting blow count will be erroncously high, reflecting a higher density than actually exists. This must be
noted on the Field Test Boring Record and referenced to the sample number. In cases where soil sampling
for environmental analytical analysis is required, 24~inch spoon barrels can be used in order to obtain a
sufficient quantity of sample for required analysis. Accordingly, the second and third 6-inch increments will
be used to calculate the relative density.

The relative density designations for noncohesive soils are:

Designation Standard Penetration Resistance (Blows per Foot)
Very loose ' Less than 4

Loose - 4to |0

Medium dense \ 10to 30

Dense 30 to 50

Very dense A Greater than 50
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The consistency of cohesive soils is also determined by blow counts as shown:

Designation Standard Penetration Resistance (Blows per Foot)
Very Soft Less than 2

Soft 2t04

Medium SitfT 4108

Stiff 8t 15

Very Stiff 15t0 30

Hard : Gver 30

53.4 Moisture Content

Moisture content is estimated in the field according to four categories: dry, damp, moist, and wet:

: Designation Moisture Content
Dry 0 to 10 percent
Damp 10 to 20 percent
Moist 20 to 35 percent
‘Wet 35 to 50 percent

Little or no water should appear in dry soil.: Wet soils appear to contain all the water they can possibly hold
(i.c., saturated). Damp and moist are subjective. Laboratory analysis should be performed if it is necessary
to accurately determine the natural water content.

5.3.5 Stratification

Stratification can only be determined after the split~barrel sampler is opened. Typically, bedding thicknesses
are described as follows:

Designation Bedding Spacing
Indistinct No bedding appareﬁt
Laminated " Lessthan 1/2-inch
Very thin 1/2~inch to 1 -inch
Thin I-inch to 4-inches
Medium 4-inches to 1-foot
Thick 1-foot to 3~ feet

Massive Greater than three feet
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© 53.6 Texture/Fabric/Bedding

The texture/fabric/bedding of a soil shall be described, where appropriate. Texture is described as the
relative angularity of the soil particles: rounded, subrounded, subangular, angular. Fabric shall be noted as
to whether the particles are flat or bulky and whether there is a particular relation or orientation. The bedding
structure also shall be noted (e.g., stratified, lensatic, nonstratified, heterogeneous varved, etc.).

53.7 Summary of Soil Descriptions

In summiary, soils shall be classified in asimilar manner by each drilling inspector. The soil description shall
include:

Soil grain size with appropriate descriptors
Calor

Relative density andfor consistency
Moisture content

Stratification

Texture/fabric/bedding

Other distinguishing features

These descriptors are evaluated and the soil classified according to the USCS. All information,
measurements and observations shall be legibly recorded on a Field Test Boring Record.

54 Sedimentary Rock Classifications

Rocks are grouped into three main divisions: sedimentary, igneous, and metamorphic. Sedimentary rocks
are the most predominant type exposed at the earth’s surface. As such, this section will consider only
classification of sedimentary rocks. Standard geologic references should be used for the complete
classification of sedimentary, igneous and metamorphic rocks.

For the purpose of completing the Field Test Boring Record in the field, sedimentary rocks should be
classified using the following hierarchy:

Rock type

Color

Bedding thickness
Hardness

Fracturing

Rock Quality Designation
Weathering

Other characteristics
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5.4.1 Rock Type

There are numerous types of sedimentary rocks such as sandstone, shale, siltstone, claystore, conglomerate,
limestone, dolomite, coal, etc. The drilling inspector should select the most appropriate rock type based on
experience. Some of'the references listed in Section 7.0 provide a more complete discussion of sedimentary

rock types.

In addition to selecting a rock type, the drlling inspector should record the grain size (and composition of
grains and cement, if apparent) on the Field Test Boring Record. The following designation should be used
to describe grain size in sedimentary rocks:

Designation Grain Size Diameter

Cobbles Greater than 64 mm (2.5-inches)
Pebbles 4 mm (0.16-inches) to 64 mm
Granules 2 mm (0.08-inches) to 4 mm
Very Coarse Sand I mm to 2 mm

Coarse Sand . 0.5mmto | mm

Medium Sand 0.25 mmto 0.5 mm

Fine Sand 0.125 mmto 0.25 mm

Very Fine Sand 0.0625 mm ta 0.125 mm
Silt 0.0039 mm to 0.0625 mm

Clay Smaller than 0.0039 mm

For individual boundaries of grain size, a scale can be used for coarse—grained rocks. However, the division -
between silt and clay likely will not be measurable in the field. This boundary shatl be determined by use
of a hand lens. If the grains cannot be seen with the unaided eye, but are distinguishable with a hand lens
(5x magnification) the sample is silt. Ifthe grains are not distinguishable with a hand lens, the sample isclay.

5.42 Color

The color of rock can be determined in a manner similar to that for soil samples. Rock cores or fragments
shall be classified while wet, when possible. Rock color charts shall not be used unless specified by the
Project Manager.

5.4.3 Bedding Thickness

The bedding thickness designation for soils (Section 5.3.5) shall also be used for rock descriptions.



Page 12 0f 14

5.4.4 Hardmess

The hardness of a rock is a functien ef the compaction, cementatien, and mineralogical compositien ef the
rock. A relative scale fer sedimentary rock hardness follows:

Very Soft - Very soft indicates that the rock is easily gouged by a knife, easily scratched
by a fingemail, andfer easily broken by hand

Seft - Seft indicates that the rock may be geuged by a knife, scratched by a fingemail,
difficult to break by hand, andfor powders when hit by a hammer.

Medium Hard - Medium hard indicates that the rock is easily scratched by a knife and/or
is easily broken when hit by a hammer, -

Hard - Hard indicates that the rock is difficult te scratch with a knife but may be broken
with a hammer.

Very Hard - Very hard indicates that the rock is difficult to break with a hammer,

Note the difference in usage between the werds "scratch” and “geuge." A scratch shall be considered a slight
depression in the rock while a gouge is much'deeper.

5.4.5 Fracturing

The degree of fracturing or brokenness of a rock is described by measuring the fractures er joint spacing.
After eliminating drilling breaks, the average spacing is measured and is described by ‘the following terms:

54.6

Very Broken - Less than a 2—inch spacing between fractures
Broken - A 2-inch to | -foot spacing between fractures
Blocky - A 1-foot to 3~foot spacing between fractures
Massive - A 3~foot to 10-foot spacing between fractures

Rock Quality Designation

The structural integrity of the rock can be approximated by calculating the Rock Quality Designatien (RQD)
of cores recovered. The RQD is determined by adding the total lengths ef all pieces exceeding four inches
and dividing by the total length of ¢ore run:

RQD (%) = /1 x 100
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Where:

r = Total length of all pieces of the lithologic unit being measured, which are greater
than 4 inches, and have resulted from natural breaks. Natural breaks include
slickenslides, joints, compaction slicks, bedding plane partings (not caused by
drilling) friable zones, etc.

H = Total length of core run.

The results of the RQD calculations shall be recorded on the Field Test Boring Record.

5.4.7 Weathering

The degree of weathering is a significant parameter that is important in determining weathering profiles and
also is usefu! in engineering designs. The following terms can be applied to distinguish the degree of
weathering:

® Decomposed - Soft to very soﬁ, bedding and fractures indistinct, no cementation.

. Highly weathered - very soft to soft, with medium hard relic rock fragments, little to
moderate cementation. Vugs and openings in bedding and fracture planes, some of which
may be filled.

e Weathered - Soft to medium hard. Good cementation, bedding and fractures are
pronounced. Uniformly stained.

@ Slightly weathered - Medium hard. Fractures pronounced, nonuniform staining, bedding
distincet.
®  Fresh~ Medium hard to hard. No staining. Fractures may be present, bedding may or may

not be distinct.
5.4.8 Other Characteristics
The following items should be included in rock déscription, where applicable:

Description of contacts between rock units (sharp or gradational)
Stratification

Description of any filled cavities

Cementation (calcareous, siliceous, hematitic, etc.)

Description of joints and open fractures (with strike and dip, if possible)
Observation of the presence of fossils

e & & & & ©
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5.4.9 Additional Terms

The following terms also are used to further identify rocks:

6.0

@  Seam - thin (}2-inches or less), probably continuous layer,

e Sor‘nc ~ Indicates significant (15 to 40 percent) amounts of an accessory materia].

® Few - Indicates insigniﬁ_cant (0 to 15 percent) amounts of an acccss_ory-material.

® Interbedded - Indicates thin or very thin altcmatmg seams of material occurring in

approximately equal amounts.

e Interiayered - Indicates thick alternating seams of material occurring in approximately equal
amounfs.

QUALITY ASSURANCE RECORDS

Quality Assurance Records shall consist of completed Field Test Boring Records and Test Boring Records.

7.0

1.

N

REFERENCES

American Society for Testing and Materials, 1990. Standard Methods for Classification of Soils for
Engineering Purposes. ASTM Method D2487-90, Annual Book of Standards, ASTM, Philadelphia,
Pennsylvania.

American Society for Testing and Materials, 1990. Standard Practice for Description and
Identification of Soils (Visual - Manual Procedure). ASTM Method D2488-90, Annual Book of
Standards, ASTM, Philadelphia, Pennsylvania.
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TEST BORING RECORD

PROJECT: Building P-64
S.0. NO.: 19010-51-SRN

e I

BORING NO+ Bl

N COORDINATES: EAST: NORTH:
ELEVATION: SURFACE: TOP OF PYC CASING:
RI1G: Mobile B-57 — 1. -
- WATER
SPUT CORE PROGRESS : DEPTH
SPOON CASING | AUGERS | BARREL DATE {FT) WEATHER (F1) TIME
SIZE (DIAM.) 1-3/8"ID 6-1/4"1D 5/31/91 -14.0 Sunay, 80°-90°F —_— —_
LENGTH 2.0 5.0
TYPE STD. HSA
HAMMERWT, 140+
FALL . 30" _
STICK UP
REMARKS: Advanced boring to 14 ft. taking continueus 2-foot split-spoon samples; no monitoring well installed -
borehole grouted to surface.
SAMPLE TYPE DEFINITIONS
$ = SplitSpoon A = Auger SPT = Standard Penetratioa Test (ASTM D-1586} {Blows0 5)
T = Shelby Tube W = Wash RQD = Rack Quality Designation {%5)
T o AirRotary C « Core Lab dass. « USC (ASTM D-2487) or AASHTO (ASTM D-3282)
= Qenison P = Pistan Lab Moist = Moisture Content (ASTM D-2216) DryWeight Basis
N = No Sample
Samp) __Lzb == N
Samplg Rec. Class- PIOD
o(zgh T:r:;a F; ‘SJ':T or P Visual Description Elevation
No. : ROD Pen.
° Yo Q Rate
i 3 TOPSOIL, grass roats; tan, gray; medium dense; dry e
1 3] 7 -
] s-1 6] 9 0] SAND, fine- grained, trace gravel, trace silt; tan, brown; .
.2 2.0 65% s loose; moist to damp i ]
— d -
3 <2 % i - o] SAND, fine- grained, trace silt, trace grass roots; tan, 7]
41 ae i B brown; loose; moist to damp 40" |
n " SAND, fine to medium—grgined, trace silt: tan, brown, -
5 _] w0 | 12 orange; medium dense; moist to wet; water table at 6.0 —
_ 53 201 W e ]
5 6.0 100% 8 _
-4 3 - -3
_ 8 3 7.0
. 5-4 20 3 0| SAND, medium to coarse-grained, trace silt; tan, gray, .
a 8.0 0% 4 orange; loose; wet ]
- 1 . -S9O .
— 20 ¢} - A .
5.5 70 1 o | SAND, medium-grained, trace silt; gray, orange; very |
1 100 100% 1 loose; wef
| Match to Sheet 27

DRILLING CO.: ATEC Assaociates
DRICLER: M Miller

BAKER REP.: R _Bonelli
BORING NO.: -1

SHEET | OF 2
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ASTM.GEOLOGICAL DESCRIPTION CHECKUST

MIJOR | GROUP 1¥PICAL N
) 3 AMES .
DIVISIONS {SYMBOLS 7 | FOR FINE.GRAINED AND PARTLY ORGANIC sOILS
well-Groded Grovels ond Grovel 1. TYPICAL NamME: Sondy Si St
GwW Sand Miclurey, Llitle of No Sitvy Cloy Cloy
22 - Fines g“f‘f S Sonoy Cloy
<3 QO Sile Orpona Clo
== - d G vel r
wl OZ Poody Groded Grovels ;’" m:, 2. MAXIMUM PARTICLE SIZE
o GP Sand Mixtuces, Ll or No :
:li Fincs A, SIZE QISTRIBUTION
- . - - - p
2|5 Sty Gravell, Geovel-Soad-Sili ff 4 ORT STRENGTH: Noae, Veoy Lo™. Lo, Medium. High, Very Hig
o “ GHM Mixiuees 5. DUWATENCY: None, Slow, Roped
by} Sz T3 . _
S : : ( : ;
z EEE Cloyey Grovels, Grovel-Soad-Clay &. PLASTIC THREAD: Weol ond So t #edivm, Sl Ve Sl
= o GC ietaces : 7. PLASUCITY OF FINES: None, low, Medium, High
o 1 .
© Well-Graded Sonds ond Grovelly E. COLOR: Ure Munscli N°‘°"°'_" W Pouible
“l | 22| > 1 Soads, tinle oc Mo Fines ¥- ODOR: Hoac. Eoaby. Og’w‘
o - 10, MOISTURE CONTENT; L Ao, W
p =z Poody Geoded Sonds ond Grovcuy (81191 € ey f‘. ﬂ..Soturotcd
o s 5¢ Soads, Little o No Fines 11, CONSISTENCY: Solt, Fum (Medivm] S4ll, Very SGHl, Hoed
w -zc 12, STRUCTURE: Swatilicd, lomanoted, fuuuveed, Slevcnuded, Blacky
M SM Snlr Sonds, Sond-Sill Mixtures lernted, hamogeneout
=< 13. CEMENTATION: Weol, Stroag
J|RFE sC Cloyey Sonds, Sond-Cloy Mixtures {| 14. LOCAL OR GEOLOGIC NAME
\. Inocganic Sit, Veey Fine Sonds. ASTM GEOLOGICAL DESCRIPTION CHECKUST
£8 | MU | Rock Flour, Sily oc Cloyey hine FOR COARSE GRAINED SOILS
=n Sonos . ]
::J_::_" lnorgonic (loys of low 10 Mecium V. TYPICAL HAME: boulden, Cobbler, Grove!, Sond {Add Detcriprme
h ‘.—E = CL Ploniciiy, G(ovc"y C!o)v. _Sond)’ Adjeaives For Minor Conttitvenu)
O} <o Cloys. Silty Cloys. Leon Cloys 2. GRAQUATION: Well Groged, Poorly Groded
=2 " . - e A
ol 28 Orpomt Sy ond Groonic Sitty [| 3- MAKIMUM PARTICLE SIZE
Y = Ol w ' . - &, SITE DISTRIBUTION: Feegent Geavel, Sond ond Finey
= Siliy Cioys of Lo Plosticity >
= — - - 5. GRAIN SKAPE: Lagpular, Subongpelal, Sutraunded, kounded
S wE lnorgonic  Silts, Micoceous O |1 ep s1OGY: Rock Type For Grovel, Frcgominamt Mincrol
o] =3 MH “Dictomaceous Fine Sonds =or in Sond ==
w| GO Silts, Elostic Silty 7. COLOR: Usc Munrell Hototion, if Parable
:z_ %g CH inurgoni( C'O)’l of high Plasticity, E. OBOR: Hone, Eoahy, Orponi
s fot Cloys 9. MOISTURE CONTENT: Dry, Moist, Wei, Soturoicd
':'(_?) Oroonic Cloy! of Medium 1o Hioh l 10, RATURAL DENSITY: Loosc Dease
v OH Pio—:ﬁc?iy l{ 11, STRUCTURE; Siconilicd, Learel. Honticoritied
- p 5 - - D12, CEMEN W
HIGH Y - i Feot, mMuck onc Otnher highly 2. CEMENTATION: Weal. Sicong
ORGANIC P Is) * . Soil [ 13. LOCAL OF GEOLOGIC NasE
SOILE r90nlc Orld

NOTES
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. SOIL DESCRIPTION

GRAIN SIZE [DENTIFICATION

'ROCK DESCRIPTIONS

W=Wash (Roller Bit}
C=Core

P =Piston

N = No Sample Taken

HARDNESS
i Very Soft - " Easily gouged by knife, easily scratched by
\ME SIZE UMITS fingernail, easily brokeri By hand '
woulder 129 OR MORE Soft - Gouged by knife, seratched by fingernail,
Cobbles 3% _17" difficult to break by hand, powders with
Coarse Gravel 34 -3 hammer
Fine Geavel 476 mm (F4) - y4™ Medium Hard -  Easily scratched by knife, easily broken
Coarse Sand 2 mm (£10)- 4.76 mm (#4) with hammer _
Medium Sand 0.42 mm (#40) - 2 mm (#10) | Hard- Difficult to scrateh, breaks with hammer
Fine Sard 0.074 mm (#200)-0.42 mm Very Hard - Difficult to break, rings when-struck
{(#40}
Silt 0.002 mm-0.074 mm (#200} WEATHERING
Clay Less than 0.002 mm Decomposed - Softto Very soft, bedding and [ractures
indistinct, no cementation,
RELATIVE DENSITY Highly - Very soft to soft, with medium hacd celict
NONCQHESIVE SOIL Weathered rock fragments: little to moderate
TERM SPT (Blows/) cementation. Vugs, openings in hedding
and fractures tmay be filled).
Very Loose Below 4
Loose 4-10 Weathered - Softto medium hard. Good cementation.
Medium Dense 10-30 bedding and fractures are pronounced.
Dense 30-50 7 Uniformly stained.
Very Dense OVER 50 ;
Slightly - Medium hard. Fractures pronounced, non-
COHESIVE SOILS Weathered uniform staining, bedding distinet.
TERM SPT (Blows/ft Fresh - Medium hard to hard. No staining.
ery Soft BELOW & Fractures may be present. Bedding maxv or
Solt 2.4 may not be 1adistinct.
Mediur Stfl 48 - :
Stiff 8-15 BEDDING AND FRACTURES:
Very SEf 15-30 SPACING BEDDING FRACTURES
Hard OVER 30 ndistinct
) LESSTHAN 172" (lcm)  Laminated Fissile
/27 to 17 (lem-3em) Very Thin - Very Close
MOISTURE DESCRIPTIVE 1"TO4" (3¢m-10cm}  Thin .  Close
TERMS 4" TO 1" (10cm-30cm)  Moderate Moderate
Dry - Trace 0-10% 1'"TO3 @0 cm-1m) Thick - Wide
Damp - Little 10-20% | 3'TO10'(lm-3m} Massive Very Wide
Motst Some - 20-35% )
Wet And 35-50%
CONTACTS: SAMPLE TYPE ABBREVIATIONS
S=S5plit Spoon HS = Hollow Stem
= DEFINITE T =Shelby Tube NP = NonPlastic
R = Air Rotary -PL = Below the Plastic Limit
= INDEFINITE D= Denison PL = Atthe Plastic Limit
A=Auger +PL= Above the Plastic Limit
............. = GRADATIONAL

+LL= Abovethe Liquid Limit

SPT = Standard Penetration
Test

RQD= Rock Quality Designation




onAlH §ITE HCATASES “mm—— -

ROQCK 5Y - .
: - MBOLS HARDNESS

- . ")
Y. SOFT - CORE RECOVERY <30%, EASILY QOUGED &Y KKiFE
UESTOM :
COHGLOMERATE E u £ OR SCHEWDAIVER, EASILY SCRATCHED 8Y FINCERNALL,

~EASILY BAOCEN &Y HAMO
@ OOLOWMITE a——

$OFT -~ CORE RECOYERY 55 . 73w, GOUGED 8T KNIFE O&
coAL SCREWDANER, SCRATCHED BY FIHGERNAL
-~ [::] OUEFICULY TO BRELK BT HARO, FOWDERS w/HAMMER
voup '
Q T M. MO - CORE RECOYER Y3 IT%, EASWY SCRATCHED 8r ERIFE
L\.\\‘ UNDUFERERTIATED . OR SCREWDAIVER, EASIL™ BROKEN 8Y HAMMER
Cj Q. -~ DIFFICULT TO SCRATEN, BREAKS syHARMIKER

Y. HO. - DIFFICULT TO BREAK. AIHGS WHEN STRUCK

) WEATHERING
SPACING AEDOING . FRACTURES ————

OETINGT GECOKPOSED - SOFT - V. $OFT, BEDONG AND FRACTURES
LESS THAN %~ (e LUKHATED — INOISTINGT. KO CEHEK‘I:IJTOH
®w* Te 1 (loe-dam) VERY THIM: YERY CLOSE .
17 Te €7 {(x=—10cm] THIN CLOSE H1L, WTHR - ¥, SOFT - SOFT, w/AED. HD. RELICT RO
£~ Te 1" (10=-30em} HOOERATE MODERATE FRAGUENKTIIUTTLE YO MO0, CENENTATION,
1° To ¥ (cw-1m} THICK wioE VUGS, OPERIHNGS IN BEDOING AMD FRACTURES
T To 10" (lav-3ex} . HASSIVE YERY WIOE

(MAY 8E CLAY OR CALL. FULLED)

WTHA. - SOFT TO &EN. HD | GO0 TEMENTATION,
BEDODING AKD FRACTURES ARE PRONOUNCED,
UHIFORMLY $TAIHED

5L WTHA. - um.gg.l——-u.cmaes PRONOUNCED, KON-URIFORW

COMMON LOCAL SEDIMENTAAY STANING, SEDODING DISTINCT

ROCK CLASSIFICATIONS

.- . v FRESH - MED, HD, TO HO., RO STAINING, FRACTURES

WO T FOGHT UL RAMD T AT BE MRESENT, SEDOING MAY O/ MAY HOT
[ = % CAARCHATE —— - = BE DISTINGT e

Wil AP TVE TOF

T T L]
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Qgﬂj Designation: D 2488 - 90

Standard Practice for

AMERCAN SOCIETY FOR TLSTING AND batgn,,, o
s 1016 face S Prdesciptee. Po 1810
Rprrict bom fu Adneat Boak gt ASTH SWerdands Cop oy g
Tt ecr b # B SLN O Cowntnnd o€ n, B SPPOS by o iy oo

Description and ldentification of Soils (Visual»Manqal

Procedure)’

This standard i Isued under the fised designation D 2488; the number imencdiately following the gaignation indicatles the year of
original 3dopiion of, in the case of rovision, the year of last revision, A number in prrontheses indicases the year of last reapproval. A
superscript epsilon (¢) indicates sn edirorial change tince the last povision OF reapproval,

This standard has been appeoved ﬁx ute by agencies of the Depariment of Defense. Coandi the DoD ladex of Specifications and
Standards for the specific year of ixsuc which has becn adapied by the Depanment of Defense. i

1. Scopc

1.1 This practice covers procedures for the description of
soils for engincering purposes. )

1.2 This practice also describes a procedure fof idcnﬁfy}ng
soils, at the option of the user, based on the classification
system described in Test Mcthod D 2487. The identification
is based on visual examination and manuai tests. It must be
clearly stated in reporting an identification that it is based on
visual-manual procedures. ]

1.2.1 When precise classification of soils for engincening
purposes is required, the procedures prescribed in Test
Method D 2487 shall be used.

1.2.2 In this practice, the identification portion assigning
2 group symbol and name is limited 1o soil particles smaller
than 3 in. (75 mm). '

1.2.3 The identification portion of this practice is limited

3 naturally occuming soils (disturbed and undisturbed).
NoTte 1—This practice may be usad as 2 deseriptive sysiem applied

+ such matenals as shale, claystonc, shells, crushed rock, clc. (Sex
Appendix X2).

1.3 The descriptive information in this practice may b&

used with other soil ciassification systems or for materials
other than naturally occurring soils.

1.4 This standard does not purport to address all of the
safety problems associated with its use. It is the responsibility
of the user of 1his standard 1o establish appropriate safety and
health practices and determine the applicability of regulatory
limirations prior to_use. For specific precautionary state-
ments see Scetion 8. '

1.5 The values stated in inch-pound units are to be
regarded as the standard.

2. Referenced Documents

2.1 ASTAM Standards:

D 653 Terminology Relating to Soil, Rock, and Contained
Fluids? :

D 1452 Practice for Soil lnvestigation and Sampling by
Auger Borings?

™ 1586 Method for Penetmtion Test and Spiu-Barrel
Sampling of Soils?

¢ The practice i under the junsdiction of ASTM Committer D-18 oo 50: and
Rock 3nd i1 the derect raiponsibility of Subcommittee D16.07 on Identilicavuon
and Claasificaion of Saoils.

Current edition approved Junc 29. 1990, Publithed Auguut 1990, Oniginally
publishod 23 D 7438 - 64 T, Last previous edition D 2488 - €4*',

Y Annual Book of ASTM Stondaeds, Vol 04.08.

D 1587 Practice for Thin-Walled Tube Sampling of Soils?

D2113 Practice for Diamond Core Drilling for Site
Investigation?

D 2487 Test Methed for Classification of Soils for Engi-
neering Purposes®

D 4083 Practice for Description of Frozen Soils (Visual-
Manual Procedure)?

3. Terminology

3.1 Definitions:

3.1.1 Except as listed below, all definitions are in accord-
ance with Terminology D 653.

Note 2—For particles retained on a 3-in. (75-mm) US sundacd
sieve, the lollowing definitions are suggestcd:

Cobbles—particles of rock that will pass & 12-in. (300-mm) squarc
opening nd be petained on a o (75-mm) sieve, and

Boulders—particdles of rock.thal will not pass 2 12.fa. {300-mm)
squArT OPCIIng.

3.1.1.2 dlay—-soil passing a Ne. 200 (75-pm) sieve that can
be made to exhibit plasticity (putty-like properties) within a
range of water contents, and that exhibits considcrable
strength when air-dry. For classification, a <lay is a fine-
grained soil, or the fine-grained portion of 2 soil, with a
plastiaity index cqual to or greater than 4, and the plot ol
plasticity index versus liquid limit falls on or above the “A™
line {sec Fig. 3 of Test Mcthod D 2487).

313 gravel—parucies of rock that wiil pass a 3-in.
{15-mm) sieve and be retained on 2 No. 4 (4.75-mm) sieve
with the f{ollowing subdivisions:

coarse—passes a 3-in. {(75-mm) sicve and is retained on a
Yu-In. (19-mm) sieve,

fine—passes a Ya-in. {19-mm) sicve and is retained on a
No. 4 {4.75-mm) sicve.

3.1.1.4 organic day—-za clay with sufficien1 organic content
to influcnce the soil properties. For classification, an organic
clay is a soil that would be classified as a clay, except that its
liquid limug value afier oven drying is less than 75 % of its
liquid limit value before oven drying.

3.1.1.5 orgonic sift—a silt with suflicient organic conient 1o
infiuence the soil properties. For classification, an organic stlt
15 a soil that would be classificd as 2 sjit except that i1s liquid
limit value afier oven drying is less than 75 % of its liquid
limit value belore oven drying.

3.1.1.6 peat—a 30il composed paimanly ol vegeiablc tissue
in varous stages ol decomposition usually with an organic
odor, a dark brown to black color, a spongy coasisiency, and
a texure ranging {tom fibrous to amorphous.

3.1.1.7 sand—particies bf rock that will pass a2 MNo. 4
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ioUP SYMBOL

CL

ML

CH

ANVARA

<I0X plur Ko, 200 ‘-:q <1S% plus No,_ 200
15-25% phn MHo. Zoo-q X send 2% pravel ———o Sils with rond

0K plun Ne_ 200 <15% phus No. 200
— 15-25% phus No. 200 ~—rr e B 3a0d 2% gravel = Fat clay with sand

GROUP NAME

C30% plu Mo 200 CISK plut Mo 200 ——— =t~ Lt clay
— 15.25% plus No. 200 e X 42X grgret - Lot chay with tand

R 1nd CX grayel ——* Lésa cley with grevel

215X grevel ————+ Ssnady lea cloy with grevel

% send 2% of quul—q CA5X geavel ————— Ssady bosn cley
>30% plut No, m-<:

% tend <K groval ~< CIS% tond —————" Geawaliy leea cloy

215% rand " Geavelly boea cley with tend

_.h_s'dt
% sand L gravel — % Silt with grawel

215% pravel ———————i— Seady 6l with grevel

% sand >% of graval “;"-—\—': <ISX gravef————- Lundy it
>30% plus No. 200 <:

% sand <X Qravd"\__\_—’; C15% pond et Growelly it

215% send ———————p Gravelly sift with sand

+—Fat cley
% sand X gravel ————= Fat clay with gesvel

215% gravel — - Sundy fat csy wath gravel

X sand 2% of gavel <=+ 15X grovel —————+ Sandy fatclay
2>30% pius Na. 200<

% pend <% graval —-:‘—0"(1 5% tand ———————p~ Gravally Tat ey

CI0N pluc Mo, 200 -:—:: <IS% plus No_ 200~
15-25% pivt No, 200 -<: % sand DX grovel = Elagtic titt with sand

MH

2155 wend ————+ Growslly fat cloy with sand

—a— Elartoc sitt
% sand <X grovel ———— Elertic 11 with gravel

215% gaaval ———— ¢ Sandy olartic it with grevel

% wand 2% of groval T(lsx gravel - Sandy elastic gt
>30% phas No.200< :

% sand <X gravel —?(15% a0~ g Gita vafly elartic salt

2IS% sand — . . e Gravaily ebastic sitt with tsod

OTE—FPeccantages are based on estmating amounts of fnas. sand, and gravel 10 the nearest 5 X.
FIG. ta Flow Chad foc Identifylag inorganic Fine-Gralned Soll (50 X or more finec)

/5-mm) sieve and be retained on a No. 200 (75-pm) sieve
h the following subdivisions

;parse—passes a No. 4 (4.75-mm) sieve and is retained on
0. 10 (2.00-mm) steve,

nedium-—passes a No. 10 (2.00-mm) sicve and is retained
a No. 40 (425-um) sieve.

Tne—passes a No. 40 (425-um) sicve and is retained on a
1 200 (75-um) sieve.

1.1.1.8 sili—soil passing a No. 200 (75-1m) sieve that is
nplastic or very slightly plastic and that exhibits little or no
sngth when air dry. For classification, a silt 5 a fine-
dned soil, or the fine-grained pordon of a soil, with a
wticity index less than 4, or the plot of plasticity index
sus liquid limit falls below the “A™ line (sce Fig. 3 of Test
sthod D 2487).

10UP SYMBOL

<30% phut No_ 200 '—q <1SX phux Mo 200
15-29% phut Ko 200 .ﬁ: % venct % praveb————— Orgenic sof with tand

OL/OH

4. Summary of Practice

4.1 Using visual examination and simple manual tests,
this practice gives standardized criteria and. procedures for
describing and identifying soils.

4.2 The soil can be¢ given an identification by assigning a
group symbol(s) and pame. The flow chans, Figs. laand 1b
for fine-grarned soils, and Fig_ 2, for coarse-grained soils, can
be used 10 assign the appropnate group symbol(s) and name.
If the soil has propertes which do not distupcdy place it into
a specific group, borderline symbols may be used, see
Appendix X3.

Note 3—I1 ts suggested that a distincion be made bogween dual
syrrbols and borderline symbols.

Dual Symbol—A dual symbol i two symbois scparaled by 2 hyphen,
for exarnple, GP-GM, SW-SC, CL-ML used 10 indicaic that the soid bas
been identified as having the propertics of a classification in accordzoce
with Test Mcthod D 2487 where two symbals arc roquired. Two
symbols are roquired when the soid has berwecn § and 12 % fines or

GROUP NAME

Ocganic woil

X tand CX gravel Qrgenic sodl with goavsl

% rand DX greval ——Q_———\T_ CASX grawe] ———a— Ssady organic sod
230% phue Na, 200 < DS grerel ——————+ Sundy organic 10 with grovel

X sand <X graval -—q\———‘-—"—‘ CISX tand wmem————= Geovally arganic soi

B} 25X sand ——————= Gravelly organic soil with send

107f —Percontages are based on estmating smouts of fwax. Tand. and greved 0 the nearest 5 L.

FiG,

1b Flow Chad for Henlfylag Organic Fine-Gralned Soil (50 % or more hine1]
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L5 Sorrt i Tk g oo

—

GROUP SYMBOL GROUP NAME

GW—‘M\:"*_‘-CIS\ St v WAl g pded el

SO tond su——or Wl gt cdiad gl R dpng

Podrly graded —-GP \___\.{‘5‘15«1 Poony orodad gravl
2% thad ———mom Forarty praded grovel magh pand

et e OO e

y 215N s - Woll-graded gravel wreth vl oo hand

CRAVEL . .
W grarer > 104t GoveoerCTL or OH GwW-GC 15, one Well-graded grovel orerh clay
T send 2I5% o ———o- Wl tradad grawst wech Clay ond sand
GP‘GM CISE sand Fwacty greded grevet swaan i

Poarty graded ?'-ﬁ“-ut o i

fanae=C ov CH

J/_'um-uu o bt
DISK fonay

=t foney=C1 o CH

215K sond —mempe Pogacty o adad grevat wreh oL #nd Land
GP'GC-q(!SXun et P oOrty oot gravee] vk Clay

25T st = Foorty groded pravel mah gla v sad e

GM e SIS et e Sty e
258 e mamrtm Lty graved werth tond
GC - CA5T, tand

Vit acked]
<5% 'M<
- Foarty geaded

SW oo St e - it et

2 15T gravel ———i= Wl adod S0 wretts prowl

CanormPiL ov H

W‘“1m< evor=CL o CH
SAND vy -
Y ond D 0L femny
2 ey ML o MH
< gr Sy =ML o
Pootly gradmd

tns=CL ucu————-SP'SC—:?

Line=ML o Wt4
25T feer —<

fornet=CL o CH

Spq\\*\ﬁtvm—%wrﬂdw

. 215% wreee] ———v- Poprty grodod sad areth geaesl

SW-SM CESX qrarsl ———tm Wt g sond wrien, sife
SW-5 2155 fravd ——— Wallgradod sond writh 461 #nd gravel
C CUSE, gravel ———t Well-graded Lord weth, clay
. 215K g —=——r Well-gradead word sih Clty snd gaesd
SP-SM ;

Y, praed =t P oarfy oradid sand wrth st
2151 priwnl ——ir POty g et woned with gt smd gr vl
CISX grovl wmmmem Podrty or aded tard weh clay
215X prvrel =i Poarty groded tand with clty end gearsl

-~ S T St e —— Sty

215% prowmd =t Tty Lt weeth geaeel

SC e it —— Gy

S15% geernd c——em CLar ey woewd writh geosed

HNoTe—Percenizges are based oN estmating amouats of fines. sand, and gravel 1o the nearest 5 X.
' FIG. 2 Flow Chart for Identitying Coarse-Grained Soils (less than 50 % fines)

when the liquid limit and plasticity index values plot in the CL-ML arca
of the plasticity chart

Borderline Symbol—A borderline symbol s two symbols separated
by a slash, for example, CL/CH, GM/SM, CL/MI.. A borderline symbol
should be uscd 10 indicate that the sofl has been Kentified 25 havipg
propertics that 4o not distinctly place the soil iato a spedific group (see
Appendix X3).

5. Significance and Use

5.1 The descriptive tnformation required in this practice
can be used 10 describe a soil 10 aid in the evaluauon of ils
significant propertics for cagincenng use.

5.2 The descriptive information required in this practice
should be used to supplement the classification of a soil as
determined by Test Method D 2487.

5.3 This practice may be used in identifving soils using the
elassification group symbols and names as prescribed in Test
Method D 2487. Since the names and symbols used in this
practice o identify the soils are the same as those used 10
Test Method D 2487, it shall be clearly stated in reports and
all other appropriate documents, that the clasification
symbol and name are based on visual-maoual procedures.

54 This practice is to be used not only for identilication
of soils to the ficld, but also in the office, laboratory, or
whercver so0il samples are inspecied and descnibed.

5.5 This practice has particular value in grouping stmilar
soil samples 5o that only a minimum oumber of laboratory
tests need be run for positive soil classificauon.

Note 4—The ability 10 doscribe znd identify soils correcdy i kearmed
fnore scadily under the guidance of expenenced personncl, but @ may
also be acquired systematically by companng numencal iboratocy tent

rosults for rypical soils of cach type with their visual and manual
charactensucs.

5.6 When describing and identifying soil samples from a
given bonng, test pu, or group~af bonngs or pits, it is not
necessary to lollow all of the procedures in this practice for
every sample. Soils which appear to be similar can be
grouped together; onc sample completely described and
identified with the others referred 1o as similer based oo
performing only 2 few of the descripuve and identification
procedures described in this pracuce.

5.7 This practice may be wsed in combination with
Practice D 4083 when working with frozen sotls.

6. Apparatus

6.1 Required Apparafus:

6.1.1 Pocket Knife or Small Spatula.

6.2 Useful Auxiliary Apparatus:

6.2.1 Small Test Tube and Stopper {or jar with a lid).
6.2.2 Small Hand Lens.

7. Reagenis

7.1 FPurity of Warer—Unless otherwise indicated, refer-
ences to water shall be understood 1o mean water [rom a city
water supply or natural source, incdluding non-polable water.

7.2 Hydrochloric Acid—A small bottle of diluie hydro-
chlonic aad, HQ, one part HQ (10 &) to three parts water

(This reagent is oplionzl for use with this practice). Sec
Secuion 8.



FIG. 3 Typical Angularity of Bulky Gralns

Safety Precautions

8.1 When preparing the dilute HQ sofunon of one part
ncentrated hydrochloric acid (10 N) to threc parts of
:tilled water, slowly add acid into water following necessary
‘ety precautions. Handle with caution and store safely. I
*ion comes into contact with the skin, nose thoroughly
water,
5.2 Cautiecno—Do not add water to aad.

Sampling

9.1 The sample shall be considered to be representative of
: straiumy from which it was obtained by an appropriate,
cepted, or standard procedure.

NoTe 5—Prefcrabdly. the sampling procedure should be idenuilficd as
ang been conducted in accordance with Practices D 1452, D 1587, or
2113, or Method D 1586. -

9.2 The sample shall be carefully identified as 1o ongin.

Note é6—Remarks as 10 the onigin mayv ke the form of 2 bonng
mber and sample number in conjuacuon with a job numbxr, a
slogie ¢lratum, a pedologic honzoa or 2 location description with
pect to 2 permanenl monument, a grid sysiem or 4 stauon number
i offsct with respect 10 a stated centerfine and 2 depth or clevation.

9.3 For accurate description and idestification, the mian-
um amount ol the specimen 10 be examined shall be in

ABLE 1 Criteria for Describing Angutarity of Coarse-Grained
Paniclies (see Fig. 3}

Oesonpton Cmeda
A Aar Pancies have sharp edges and relabvety plane oS with
unpokshed Suaces
Oargular Fmdnremtommmhﬂhm
. rounced edges
_ A Om ekt Pancics have nearty plane sides but have wel vounded

comers &nd edges
Rounded Panddes have smoothy asrved saics and Mo edges

accordance with the following schedule:

Maximurn Particle Sire, Minimurm Specimen Size,

Sicve Opening Dry Weaght
475 ram (No. 4) 100 g {05 Ih)
9.5 mm (% in) 200 @.51b)
19.0 mm (¥ fa.} 1.0 ke (2.2 B}
381 mma (34 10} 0%k (12 10)
750 mm (3 in) £0.0 kg (132 )

Nore 7—-If random isolated particles am encounlcred that arc
significanty larger thaa the pantides in the soil matrix, the ol mauix
can be accurately described and identified in zamrdzncc with the
preceeding schedule

94 If the ficld sample or specimen being examined is
smaller than the minimum recommended amount, the
report shall include an appropriate remark.

10. Descriptive Information for Sails

10.1 Angularity—Desceribe the angulanity of the sand
(coarse stzes onty}, gravel, cobbles, and boulders, as angular,
subangular, subrounded, or rounded in accordance with the
criteria in Table I and Fig. 3. A ranpe of angularity may te
stated, such as: subrounded 10 rounded.

10.2 Shape—Describe the shape of the gravel, cobbles,
and boulders as flat, elongated, or flat and elongated if they
mecl the criteria in Table 2 and Fig 4. Otherwisz, do not
mention the shape. Indicate the fraction of the particles that
have the shape, such as: one-third of the gravel pa.rllCIG are
flat,

10.3 Color—Describe the color. Color is an important
property in identifying organic sols, and within a gven

TABLE 2 Critenta for Descrbing Pacticte Shape (see Fig. 4)

The paic shapa shal be Oosoribed a5 lofows where kength, width, and
hacknesS reler 10 e Qreatest, fusnmedate, and east dahoosions of & particie,
respecinedy.

Fat Parliches with wadtth/Thickness > 3

Elongated Pactictes with lengthwatt > 3

Flat and elongated Particles meet Crkera tor both flat and elongaled
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PARTICLE SHAPE

w=WIDTH
T =THICKNESS
L =LENGTH
- S
-

FLAT: W/T>3
ELONGATED: L/W >3

FLAT AND ELONGATED:
~meets both critferio

F1G. 4 Criteria for Particle Shape

TABLE 3 Critedia fof Deseribing Motsture Condition

Ory Absence of moisturs, tusty, doy 1o the touch
Moxst Darng but no visible water
Wet Visiie ree waler, usualy sof & beow water lable

locality it may also be useful in identifying matenals of
similar geologic ongin. If the sample contains layers or
patches of varying colors, this shall. be noted and afl
representative colors shall be deseribed. Fhe color shall be
described for moist samples. If the color represents a dry
condition, this shall be stated in the report. - _

10.4 Odor—Describe the odor if organic or unusual. Sods
containing 2 significant amoun? of organic maierial usually
have a distinclive odor of decaying vegetation. This is
especially appareat in fresh samples, but if the samples are
dried, the odor may ofien be revived by heating a moistened
sample. If the odor is unusual (petroleum product, chemical,
and the like), it shall be described. )

10.5 Mossture Condition-—Describe the moisture condi-
tion as dry, moist, or wel, ino accordance with the ¢nteria in
Table 3,

10.6 HCI Reaction—Descuibe the reaction with HG as
none, weak, or suong, io accordance wath the critera
Table 4. Since calcium carbonate 15 a common cementing
agent, a teport of its prescnce on the basis of the reaction
with dilute hydrochlonc acd s impocnianl

TABLE 4 Cnleda for Describing the Reaction With HCI

Desonpton . Crtona
Nona HO vasabila reaction ——
weak Soma reaction. with bubibies lommng siowdy
Strong Volont reaction. with butiles toceng snmadatety

TABLE § Criterie for Describing Consistency
Criteria
Thurnts vl penetrate sod mocs then 1 i (25 meny
Trumd wil panatrate sol shout 1 in {25 mm)
Thumt wil ndent sol sbout Ye inu (6 mmy
Thumb wal not indent sok but readly indenlad with thumbnal
Thombnal wil ROl indent sol

<§§g<
%ig

10.7 Consistency—For intact fine-grained soil, describe
the consistency as very soft, soft, firm, hard, or very hard, in
accordance with the criteria in Table 5. This observation is
inappropriate for soils with significant amounts of gravel.

10.8 Cementation—Describe the cementation of intact
coarse-grained soils as weak, moderate, or strong, in accord-
ance with the c¢riteria in Table 6.

10.9 Srructure—Describe the structure of intact soils in
accordance with the criteria in Table 7. -

10.10 Range of FPaniicle Sizes—For gravel and sand com-
ponents, describe the range of particle sizes within each
component as defined in 3.1.2 and 3.1.6. For example, about
20 % fine 10 coarse gravel, about 40 % fine to coarse sand.

10.11 Maximum Particle Size—Describe the maximum
particle size found in.the sample in accordance with the
following information:

10.11.1 Sand Size—If the maximum particle size is a
sand size, descobe as fine, medium, or coarse as defined in
3.1.6. For example: maximum particle size, medium sand,

10.11.2 Gravel Size—Il the maximum particle size is a
gravel size, descnibe the maximum partice size as the
smallest sieve opening that the particke will pass. For
example, maximum paniicle size, 12 in. (will pass a 1V-n.
square opening but ot a ¥a-in. square op<ning).

10.11.3 Cobble or Boulder Size—Il the maximum parucle
size is a cobble or boulder size, describe the maximum
dimension of the largest particle. For example: maximum
dimension, 18 in. (450 mm).

10.12 Hardness—Describe the hardness of coarse sand
and larger parucles as hard, or state what happens when the
particles are hit by a2 hammer, for example, gravel-size
parucles fracture with coasiderable hammer blow, some
gravel-size particies crumble with hammer blow. “Hard™
means partcles do pot crack, fracture, or crumble under a
hammer blow.

10.13 Additional comments shall be noted, such as the
presence of roots or root holes, difficulty io drlling or
augering hole, caviog of tench or hole, or the presence of
MicA.

10.14 A local or commercial name or a geologic interpre-

TABLE & Crleria tor Descrbing Cementation

Weak Crucnbies O breaks with handing or Bific finger pressue
Moerzte Crumbles of Drezks with considerabke nger pressuce
Strong wd fOU CRUAMERC Of break with finger pressure
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TABLE T Crlteris for Descrblng Suucture

Desanpton Crienis
- alifod Ahemating ayers of venyng maleds] or oofor with layers el
ksas] 6 theoic note hickness
wrenalod Ahemating layers ol vaning matecal or oolor with tha
layers kess than 6 fm thick; notla Thackness
ssured Beoaks jong Cefadle planas of factue with Ette
resistance to fractuning ’
wkensided Fracture planes &ppadr pokshad o Qlossy, SOmelimas
strialod -
ocky Cotwasive soi thal can be broken gown oo Small anguler
. kanps which resist further breakdawn
srsed Inchusion of smafl pockets of ditterent $0%s, such gs smal
lonses of $and scatisred through & mass of day; note
thicknass
OMORENEOUS Samea color and appearancs throughout

atioa of the soil, or both, may be added if identified as such.

10.15 A classification or identification of the soil in
ccordance with other classification sysiems may be added if
dentified as such,

1. Tdentification of Peat

I1.1 A samplc composed primarily of vegetable tissue in
arious stages of decomposition that has a fibrous to
.morphous texture, usually a dark brown to black color, and
in ovreanic odor, shall be designated as a highly organic soil
ind shall be identified as peat, PT, and not subjected to the
deptification procedures described hereafier.

12. Preparation for Identification

2.1 The soi! identification portion of this practce s
.sed on the portion of the soil sampic that will pass 2 3-in.
75-mm) sicve. The larper than 3-in. (75-mm) particles must
3¢ removed, maaually, for a loose sample, or mentally, for
n intact sample before classifying the sotl.

[2.2 Estimate and note the pereentage of cobbles and the
pereentage of boulders. Performed visually, these estimates
wili be on 1he basis of velume percentage.

NoTe 8—Since lhe percentages of the particle-size distnbutios io
Test Method D 2487 arc by dry weight, and the estimates of percentages
for gravel, sand. and fines in this practice are by dry weght, @t s
recommended Lhat the report state that the percentages of cobbles and
boulders are by volume.

§2.3 Of the fraction of the soil smaller than 3 in. (75 mm),
estimale 2nd note the percentage, by dry weghy of the
pravel, sand, and finss (see Appendix X4 for supgested
procedures).

Note 9-=Since the panicle-size oor}lponcnu appear visually on the
basis of volume, considerable expenicnce 5 roquired 10 csimate the
percentages an the basis al dry weght Frequent companisons with
laboratory parucle-size analyses should be made.

{2.3.1 The percentages shzil be sstimated to the closest
5 %. The percentages of gravel, sand, and fines must add up
10 100 %.

12.3.2 '1f onc of the components is present but aot in
suflicient quaniity to be considered 5 % of the smalier thaa
3.in. (75-mm) portion, indicate its presence by the term

ce, for example, trace of fines. A trece 5 not 1o be

asigered in the total of 100 % for the compontats.

13. Preliminary [deatification
13.1 The sail is fine grained if it contains 50 % or more

fines. Follow the procedures for identifying finc-gratned soils
of Section 14, .

13.2 The soil is coarse grained if it contains less-than 530 %
fines. Follow the procedures for identifying coarse-grained
soils of Section 15.

14. Procedure for ldentifying Fine-Gruined Soils

[4.1 Select a representative sarmple of the matenal for
examinztion. Remove particles larger than the No. 40 sicve
{medium sand and larger) until a specimen equivaleat to
about a handful of matenal is available. Use this specimen
for performing the dry strength, dilatancy, and toughness
tests. )

14.2 Dry Strength:

14.2.1 From the specimen, sclect enough material 1o mold
into 2 ball about 1 in. (25 mm) in diamecter. Mold the
material uatil it has the consistency of putty, adding waier if
pecessary. :

1422 From the molded material, make at least three test
specimens. A test specimen shall be a ball of matenial about
14 in. (12 mm) in dizmeter. Allow the test specimens to dry

{n air, or sun, or by artifidal means, as long as the-

temperature does not exceed 60°C.

14.2.3 If the test specmen contains natura! dry fumps,
these that are about 14 in. (12 mm) in diameter may be used
in place of the molded balls.

MNoTE 10—~The process of molding and drying uwsually produces
higher sirengths thaa are found in eatural dry lumps of sod.

14.2.4 Test the strength of ‘the dry balls or lumps by
crushing between the fingers. Note the streagth as nooe, fow,
medium, high, or very high ia accorance wath the cniteria in

- Table 8, If natural dry lumps are used, do not use the resudts

ofany of the lumps that are found to contain particles of
‘coarse sand. -

[4.2.5 The presenee of high-strength water-soluble ce-
menting materials, such as calcdurn carbonale, may cause
exceptionally high dry strengths. The presence of calcdum
carbonate can usuzlly be detected from the inlensity of the
reaction with diute hydrochlorie acid (see 10.6).

14.3 Dilatancy:

14.3.1 From the specimen, select enoygh matenal to mold
into 2 balf about %4 in. (12 mm) in diameter. Mold the
material, adding water if necessary, uadil it has a soft, but not
sticky, consistency-

14.3.2 Smooth the soil ball in the palm of one hand with
the blade of a kmife or small spatula Shake horizoatally,
stnking the side of the hand vigorously against the other
hand several times. Note the reaction of water appearing on

TABLE 8 Cateris for Desciibing Dry Strength

y - Critont

HNore The dry TPOCETWN CHATbics KMo POWSr with Mexe OesRure
of handeg

Low The diy TpOCETEN Chumbics Mo Powder with some fnger
pressure .

Mechan, The dry zpecimen breaks ¥Mo poocs o Cumbics with
ooxsaderabic GOger prersurs

Hagh The dry specimen camo! be troken with fger pressune.
Specamen will break Mo praces between Tumd xnd a hard
secface

Very bagh The dry TpecHTN Canol be broken between e thumb avd &
tard saclace

{

A
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TABLE 9 Cnrtons for Describing Dilatancy

Dosongtaon . Cricna
None NG vrsabie Chango n tha Specen
Stow Wa‘ecaopwssbmymmcwfmemmcmwm
shakng BN 0SS (ol Gi5appos O GBADPENS Sigwly Lpon
sQuUeSINg
Rapsd Water appears Quackly o tha surface of the specimen Cunyg

shaking and tsapoears quickly UPON SQUBLZING

TABLE 10 Criteria for Describing Toughness -

o S Crvont

Low Only sight presswre & requiced 10 mf the thread near e
plastc Bmit, The Tvead and the kump are weak and soft

boxson Madum Pressids s roquaed 10 ol the thresd 10 nodr tha

plastic kmit. The Bvaad and ths kg have medum stittness

Hagh Cmsoaaﬁcp(mesmqwodbmﬂmwudlomhe

plastic ki, The tresd and the kmp have wery hgh
stittness

the surface of the soil. Squeeze the sample by closing the
hand or pinching the soil between the fingers, and note the
reaction as nonc, slow, or rapid in accordance with the
criteria in Table 9. The reaction is the speed with which
waler appears while shaking, 2nd disappears while squeczing.

14.4 Toughness:

14.4.1 Following the completion of the dilatancy test, the
1est specimen is shaped into an elongated pat and rotied by
hand on 2 smooth surface or between the palms into a thread
about V4 in. (3 mm) in diameter. (If the sample is too wet to
roll easily, it should be spread into a thin layer and allowed
10 lose some water by evaporaton.) Fold the sample threads
2nd rerolt repeaiedly uniil the thread crumbles at a diameter
of about Y& in. The thread will crumble at a diameter of Ve
in. when the soil 15 near the plastic imit. Note the pressure
required to roll the thread near the plastic imit. Also, note
the strength of the thread. After the thread crumbles, thé
picces should be lumped together and kneaded until the
lusnp crumbles. Noie the toughness of the matenial during
kncading.

14.4.2 Describe the loughncss of the thread and lump as
low, medium, or high in aocordancc with the critenz o
Table 10.

t4.5 Plasticity—On 1he basis of observations made during
the toughness test, desenibe the plasucity of the matenal in
accofdance with the cntena given in Table 11, :

14.6 Decide whether the soil is 2n inorganic or an organic
finc-grained soil (sce 14.8). I inorganic, follow the steps
given in 147, ’ )

14.7 Identification of inorganic Fine-Grained Soils:

14 7 1 identily the soil as a fean clay, CLtif the sodl has
medium 1o high dry strength, no or slow dilatancy, and
Medium toughness and plasticity (see Table (2}

14.7.2 ldentify the soil as 2 far ¢lay, CH, i the 50il has
high 1o very high dry strength, no dilztancy. zod high
toughness and plasticity (sec Table 12).

14.7.3 Identify the soil as a silr, ML, if the sof} has no to
tow dry strength, slow to rapid ditatancy, and low toughness
and plasticity. or is nonplastic (see Table 12).

14.7.4 [dentify the soil as an elastic sile, MH, if the soil has
low 16 medium dry strength, no to slow dilatancy, and low 10
medium toughness and plasticity (see Table 12),

Note Hi—These prop:him are simifar 10 those for 2 kean clay.
However, the silt will dry quickly on the hand and bave a smooth, sitky
fecd when dry. Some soils that would classify 2s MH in accordance with
the criteria in Test Method D 2487 are visually diflicult 1o distinguish
from Yean clays, CL. It may be necossary to perform haboratory testing
for proper identification. )

14.8 Identification of Organic Fine-Grained Soils:

14.8.1 ldentify the soil 2s ap organic soif, OLJOH, if the
sail contains enough organic particles to influence the soil
properties. Organic soils usually have a dark brown to black
color 2nd may have an orgapic odor. Ofien, orpanic soils will
change color, for example, black to brown, when exposed to
the air, Some orpanic soils will lighten in color significantly
when air dried. Organic soils normally will oot have a high
toughness or plasticity. The thread for the toughness test will
be spongy.

NoTE 12-—In some s, through practios and experience, i may be
possble 1o further identify the organic soils as organic sdis or ocganic
cinys, OL or OH. Corclations between the dilatancy, doy strength,
toughness (ex1s, and laboratory tests can be made 10 dentiv organic soils
in certain deposits of similar matenals of known geologic onigia.

14.9 If the soil is estimated 0 have 5 to 25 % sand or
gravel, or both, the words “with sand™ or “with gravel™’
(whichever is more predominant) shall be added to the group
name. For example: “lean clay with sand, CL™ or “sili with
gravel, ML™ (see Figs. la and 1b). 1f the percentage of sand 1s
equal 1o the percentage of gravel, use “with sand.”

14.10 1f the soll is esumated to have 30 % or more sand or
gravel, or both, the words “sandy™ or “pravelly” shall be
added 1o the group name. Add the word “sandv™ if there
appears 1o be morc sand than gravel Add the word
“gravelly™ if there appears 10 be more gravel than sand. For
example: “sandy lean clay, CL™, “gravelly fat clay, CH™, or
“sandy silt, ML (sec Figs. fa and ib). If the percentage of
sand is equal 1o the percent of gravel, use “sandy.”

15. Procedure for Identifying Cosrse-Grained Soils {Con-
tains less than 50 % fines)

TABLE 11 Criteria for Describing Plasticity I5.1 The soil is a grave! if the percenage of gravel is
- o p— estimaied to be more than the percentage of sand.
Nonplashc A Ve, {34Tn) TVead CANNOT be fofied Bt any water CoNtert
Low The Ovead can barely be rofied and the bsTp caniot be TABLE 12 (dentification of Inorganic Fine-Gratned Soils from
{onmed wihen oner Than the plasic St KManual Tests
SAeOnnm The Uvead o easy 10 tOh ard N0l much W 1§ equstod O <o
reach the plastc wmel The Uvead cancol be erolled shier 5 Dry Strength DRatancy Toughness
reachung the plaste WM. The um gumibkes when ones Lk
than the PIATC kvt WAL HNOoOe 1o ow Siow 10 rapsd Low o Twesd cannot be
H=h i takes consOerable whe (olng and kneadeng to (each the formed
Plashc kvt The twead can be ferolled Several wmes afler (8 Medasm 10 fugty Hone 10 Siow MAocrm
reachayy ihe pasic wmel The bmp can be fommed wrihaoes A Low Lo mechum None 10 Siow Low 10 medwam
Gumbling when Gnet han e Phastc &l CH HQh 10 very fugh tione g
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[5.2 The soil &5 a sand if the pereentage of gravcl s
“imated (0 be equal o or less than the percentage of sand.
5.3 The soil s & cdlean gravel or clean sand i the

.centage of fines is estimated (o be 5 % or less.

153.1 Identify the soil as a welf-graded gravel, GW, or as

well-graded sand, SW, if it has a wide range of pasticle sizes
nd substantial amounts of the intermediate particic sizes.

15.3.2 identifly the soil as a poorly graded gravel, GP, or as
poorly graded sand, SP, if it consists predominanty of one
ize (uniformly graded), or it has a wide range of sizes with
sme intermediale sizes obviously missing (gap ot skip
raded).

15.4 The sol is either a gravel with fines or a sand with
nes if the percentage of fines is estimated to e 15 % or
10r1¢.

15.4.1 Identify the soil as a dayeygravd GC, or a clayey
znd SC, if the fines are clayey as determined by the
rocedures 1n Section 14,

15.4.2 Identify the soil as a silty gravel, GM, or a silty
wnd, SM, if the fines are silty as determined by the
rocedures in Section 14,

15.5 If the soil is estimated to contain 10 % fines, give the
»il 2 dual identification using two group symbeols.

15.5.1 The first group symbol shall correspond (o a clean
avel or sand (GW, GP, §W, SP) and the second symbol
1all correspond to a gravel or sand with fines (GC, GM, SC,
M)

15.5.2 The group name shall correspond to the first group
mbol plus the words “with clay” or “with slt™ to indicate
plasticity characteristics of the fines For cxample:
"graded gravel with clay, GW-GC™ or “poory graded

_ with silt, SP-SM™ (se= Fig. 2).

15.6 If the specimen is predominantly sand or gravel but
niains an estimaled 15 % or more of the other coarse-
ained constituent, the words “with gravel” or “with sand”
12ll be added to the group mame. For example: “poorly
aded gravel with sand, GP™ or “clayey sand wath gravel,
= (see Fig. 2).

15.7 If the ficld sample contains any cobbles or boulders,
- both, the words “with cobbles™ or "with cobbles and

wilders™ shall be added 1o the group name. For exampie:

ilty gravel with cobbles, GM.”

1. Report

16.1 The report shall include the information as 10 origin,
id the items indicated in Table 13.

NoTE i3-—Example: Clayey Gravel with Sand gnd Cobbles. GC—
oul 50 % fine to coarse, subrounded 10 subangular gravel; about 30 %
£ 10 coarse, subrounded sand: about 20% fines with medium
sualy, high dry sirength, no dilatancy, medium toughness weak

) —
TABLE 13 Checkiist for Description of Solls

Group narme . :
Group symoct =
Porcart of cobbles or DOUAETS. o both by volums)

Poccent of gravel, $and. 07 WS, 07 o thepe (by dry weigd)

Particle-sire range:
GTCMM
Sand-—fne, madusm, coarss
Paricia anguiarity: enguial, SUDENGUN, subroundad, founded
. Particls shapa: [ sppropriate] fag, eloangsted, fat and eongatad
fdaximum paricke size Or dAmension
Haroness of caarse sand &nd farger particies
10. Pasticity of fncs: nonplastic, kw, eedium, hich
11, Dry strengifx none, fow, medin, high, very high
12, Diatancy: none, s¥ow, apd
13. Toughnass: fow, metum, high
14, Colar (in moist condition)
15. Odor {mention only ¥ organic or unususl]
16. Woishare: dry, mots, wel
17. Reaction with HCE nions, weak, strong
Forﬂadm-plcs:

19, Stuctwe: stratified, minated, Kssured,

bl ol ol

wo NS

21, Local name

23. Adduonal comments: presence of f00LS o oot holes, presance of mice,
gypsuen, el mmatngs?t coarse-ocaiedd particles, v oc
Muwmumm_mhm«mm@_
etc,

reacuon with HCT: original ficld sumple had about 5§ % (by volume)
subrounded cobbles, maximum dimenaon, 150 mm.
- le-Place Conditions—Firm, homogencous, dry, brown

Geologc Interpretation—Aliuvial fan

Noiz 14—Onher examples of soll descriptions and identification are

~ given in Appendixes X1 and X2

NoTe 15— desired, the percentiges of gravel, sand, and fioes may
be stzied in terms indicating 2 range of percentages, as follows:

Trace—Particles are present but emimated ta b;_lcss than § %

“FAe—51010%

Little—151025%

Some—I 5%

Montly—50 10 100 %

16.2 1If, in the soil description, the soil is identified using a
classification group symbol and name as described in Test
Method D 2487, 1t must be distinctly and cleady stated 1n log
forms, summary tables, reports, and the like, that the symbol
and name are based on visual-manual procedures.

17. Precision and Bias

17.1 This pracucc provides quahtauvc information only,
therefore, a precision and bias statement s not applicable.
I8. Keywords

I8.1 dlassificavon; clay; gravel, organic soils; sand; silt;
sotl classification; soil desctiption; visual classification

{
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APPENDIXES

(Nonmandatery Information)

X1. EXAMPLES OF VISUAL SOIL DESCRIPTIONS

X 1.1 The following examples show how the information
required in 16.1 can be reported. The information that is
included in descriptions should be based on individual
circumstances and need.

Xi1.1.1 Well-Graded Gravel with Sand (GW)—About
75 % fine 10 coarse, hard, subangular gravel; about 25 % fine
1o coarse, bard, subappular sand; trace of fines; maximum
size, 75 mm, brown, dry; no reactioo with HCL

X1.12 Silty Sand with Gravel (SM)—Abowt 60 % pre-
dominantly fine sand; about 25 % silty fines with low
plasticity, low dry strength, rapid dilatancy, and low tough-
ness; about 15 % fine, hard, subrounded gravel, a few
gravel-size particies fractured with bammer blow; maximum
size, 25 mm; no reaction with HCl (Note—Field sample size
smaller than recommended).

In-Place Conditiorns—Firm, stratified 2nd contains lenses
of silt 1 10 2 in. (25 1o 50 mm) thick, moist, brown 1o gray;

in-place density 106 Ib/ft’; in-place moisture 9 %.

X1.13 Organic Soil (OL/OH)—About 100 % fines with
low plasucity, slow dilatancy, low dry suength, and low
toughness; wet, dark brown, organic odor; weak reacion
with HAL.

XL1.4 Silty Sand with Organic Fines (SM}—About 75 %
fine 10 coarse, hard, subangular reddish sand: about 25 %
organic and silty dark brown oonplastic fines with no dry
streagth and slow dilatancy; wet; maximum size, coarse
sand; weak reaction with HCL

X115 Poorly Graded Gravel with Silt, Sand, Cobbles and
Boulders (GP-GM)—About 75% fine 10 coarse, hard,
subrounded to subamgular gravel; about 15 % (ine, hard,
subrounded 1o subangular sand; about 10 % silty nooplastic
fines; moist, brown; no reaction with HQl; original field
sample had about 5% (by volume) hard, subrounded
cobbles and a trace of hard, subrouoded boulders, with a
maximum dimension of 18 in. (450 mm).

X2. USING THE IDENTIFICATION PROCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE, CLAYSTONE,
SHELLS, SLAG, CRUSHED ROCK, AND THE LIKE

X2.1 The identification procedure may be used as a
descriptive system applied to materials that exist in-situ as
shale, claystone, sandstone, silistone, mudsieoe, cic, but
copvert to soils after field or laboratory processing (crushing,
slaking, and the Tike). )

X2.2 Matenals such as shells, crushed rock, slag, and the
like, should be identified as such. However, the procedures
used in this practice for describing the particle size and
plasiicity characterislics may be used in the description of the

matcrial If desired, an identification using a group name and -

symbol according o this practice may be assigoed to aid in
describing the material

X2.3 The group symbol(s) and group pames should be
placed in quotation marks or noted with some type of
disunguishing symbol. Set examples. .

X2 4 Examples of how group names and symbols can be
incororated Into 2 descriptive systemn [or matenals that are
not naturally occuming soils are as follows:

X2.4.1 Shale Chunks—Retneved as 2 to 4-n. (50 to

100-mm) pieces of shale from power auger hole, dry, brown,
no reaction with HCL Afier slaking in water for 24 h,
matenal identified as “Sandy Lean Qlay (CLY™; about 60 %
fines with medium plasticity, high dry strength, no dilatancy,
and medium toughness; about 35 % fine to medium, hard
sand; about 5 % gravel-size picces of shate.

X2.4.2 Crushed Sandstone—Product of commercial
crushing operation; “Poorly Graded Sand with Sili (SP-
SM)"; about 90 % fine to medium sand; about 10%
nonplastic fines; dry. reddish-brown, strong rcacuon with
HA,

X2.4.3 Broken Shells—About 60 % gravel-size broken
shells; about 30 % sand and sand-size shell picces:; about
10 % fines; “Poorly Graded Gravel with Sand (GP).”

X2.4.4 Crushed Rock—Processed from gravel and cob-
bles in Put No. 7, “Poorly Graded Gravel (GP)™; about 90 %
fine, hard, angular gravel-size paricles; about 10 % coarse,
hard, aogular sand-size particles; dry, tan; no reaclion with
HCL

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWOQO POSSIBLE
IDENTIFICATIONS.

X3.1 Sinee this practice is based on estimates of particle
size distribution and plasticity characierisucs, it may b
difficult 16 clearly 1denufy the soil as belooging to onc
" category. To indicatc that the sol may fall 1m0 one of two

possible hasic groups, 2 borderline symbol may be used with
the two symbols scparated by a slash. For example: SC/CL or
CL/CH.

X3.1.1 A borderline symbol may be used when the
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percentage of ines is estimated (o be between 45 and 55 %.
One symbol should be for a coarse-prained soil with fines
and the other for a fine-grained soil. For example; GM/ML
ar CL/SC.

X31.1.2 A borderline symbol may be used when the
percentage of sand and the percentage of gravel are estimated
to be about the same. For example: GP/SP, SC/GC, GM/
SM. It is practically impossible to have a soil that would have
a borderline symbol of GW/SW.

X3.1.3 A bordedine symbo!l may be used when the soil
could be either well graded or poorly praded. For example:
GW/GP, SW/SP,

X3.1.4 A bordedine symbol may be used when the soil
could either be a silt or a clay. For example: CL/ML,
CH/MH, SC/SM.

X3.1.5 A borderine symbol may be used when a fine-

.-
—

_ grained soil has propertics that indicate that it is at the

boundary between a soil of low compressibility and a soil of
high compressibility. For example: CLYCH, ME/ML.

X3.2 The order of the borderline symbols should refiect
nm:lamy 10 surrounding ot adjacent soils. For example: soils
in a borrow area have been identified as CH. One sample is
considered to have a borderdine symbo! of CL and CH. To
show similarity, the bordertine symbol should be CH/CL.

X33 The group name for a soil with 2 borderline symbol
should be the group name for the first symbeol, except for

CL/CH lean 10 fat clay
ML/CL clayey silt
CL/ML stlty clay
X3.4 The use of a borderline symbol should pot be used

indiscriminately. Every effont shall be made to first place the
sotl 1n10 a single group.

X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL, SAND,
AND FINES IN A SOIL SAMPLE

X4.1 Jar Method—The relative percentage of coarse- and
‘fine-grained material may be estimated by thoroughly
shaking a mixture of soil and water In a test tube or jar, and
then allowing the mixtuse 10 settle. The coarse particles will
fail 10 the bottom and successively finer particles will be
depasited with increasing time; the sand sizes will fzll out of
suspension in 20 to 30 s. The relative proportions can be
estimated from the relative valume of each size separale.
“his method should be correlated 1o pamclc-suc Jdboratory

1crrmnanons-

K42 Visual Method—Mentalty visualize the gravel size
particles placed in a sack (or other container) or sacks. Then,
do the same with the sand size particles and the fines. Then,

mentally compare the number of sacks {o estimate the

sercentage of plus No. 4 sieve sizeand minus No. 4 sieve siza

preseat. The percentages of sand and fines in the minus sieve
size No. 4 material can then be estimated from the wazh test
(X4.3).

X4.3 Wash Test (for relative percentages of sand and
Jfines)—Select and moisten enough minus No. 4 sieve size
material 10 formn a 1-in (25-mm) cubé of soil, Cui the cubein
half, sct one-half to the side, and place the other hall in a

‘small dish. Wash and decant the fines out of the material in

the dish untif the wash water i3 dear and then compare the
1wo samples and estimate the percentage of sand and fines.
Remember that the percentage is based on weight, not
volume. However, the volume comparison will provide a
reasonable indication of grain size percentages.

X4.3.1 While washing, it may be necessary to break down
lumps of fincs with the finger 10 get the comrect percentapes.

The Amercan Sociery for Testing and iMatarials takas fis postion respaclng ihe validty of any patend rights ksteded in conmrection
wih Aty 46 Meloned i Ihs Sandard. Usacs of tha standard are axprassly advised (hat delsrmination of the valdiy of any such
pale QNS and e risk of dringemnent of Such ngits, are erdicely their Own te3pOaSDARY.

Thes $1an0ard s 3ubfeCT 10 reviskn ai any 1ume by tha faspoasitie fechnical commiiies Bnd musst be reviewed I every five yaars and
#f MK Fevited, edhes Feapproved Or Wtharawn_ Your COmMmets sre invilied sifer for revision of fhis standard or for 36dional sfandards
ang showrd be addrassed (o ASTM Headquarters. Yowr Comments will recome Careld considocalon &f & meeting of Lhe rasponsidéa
fechrucal commitiee, which you may aftend. 8 you feed (W] your COMMents have pot received & fak hoaring you thowkd make your
veews known (o the ASTI Comenitee on Standards, 1916 Race 5L, PhWladeiphia. PA 19103,
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Classification of Soils for Engineering Purposes’

This suandard is txsued under the fized dosipnation D 2487; the number immediately following the dosigaation indicates the year of
original sdoption of, ia the case of revision, the yezr of Last nﬁﬁm{\_aumbuinp‘mumu&qmmyaxo(hnw,\
superseript epsilon {¢) indiczts ga editons] distige Sace the lagt rewsion or

This test muethod has been approved for use by agencics of the Departmens of Deferse. Conndi the DOD Index of Specifications and
Standards foc the specific year of issuc whick has been edopied by the Depaament of Ddense,

1. Scope

1.1 This test method describes a system for classifying
minerzl and organo-mincral soils for cngineering purposcs
based on laboratory determination of particle-size character-
istics, liquid Yimit, and plasticity index and shall be used
when precise classification is required.

NOTE 1—Use of this standard will resull in a sngh classification
group symbol and group name except when & sofl contzins 5 10 12°%
fincs or when the plot of the liquid Emit and plasticity index valucs falls
into the crosshatched area of the plasticity chart In thess two cascs, &
dual symbol is used, for example, GP-GM, CL-ML When the labora-
100y lest results indicate that the 5ol is close 1o another soil dasdification
group, the borderdine condition can be indicated with two symbols
separatod by & slash, The first symbol should be the nac based on this
standard, for example, CL#CH, GM/SM, SCACL. Borderline :ymbols
- are particularly useful when the liquid Lmu value of cayey soils is losc
10 50, These soils can have expansive characteristics and the use of &
bordedine symbol (CLICH, CH/CLY will alert the user of the assignod

“assifications of expansive potential,

1.2 The group symbol portion of this sylem is based on

soratery tests performed on the portion of 2 soil sample
passing the 3-1n. (75-mm) sieve {sec Specification E 11).

1.3 As a classification syStem, this test method is limited
to naturzlly occurming soils.

NOTE 2—The group names and symbols used in this te51 method
may be used as a deseriptive system applied 10 such materials as shale,
claystone, shells, crushed rock, elc, See Appendin X1

1.4 This test method s for qualitative application only.

NoTe 3—When quantitative informavon is required for detailed
designs of important structurcs, this 165t method must be supplemented
by laboriary tests or other quantitative data 1o determine performance
charactenistics under expected ficld conditions

1.5 The system is based on the widely recognized Unified
Soil Classificaton System which was-adopied by several U.S,
Government agencies in 1952 as an outgrowth of the Airficld
Classification System developed by A. Casagrande?

1.6 This standard does not purport 10 address the safety
problemns associated with its use. It is the resporsibility of the
user of this standard 1o establish apprapriate safety and
health practices and determine the applicability of regulatory
fimitations prior 1o use.

' Thut kemt method is under the junsdiction of ASTM Committer D-12 on Soil
and Rock and s the dirodt gosponsibiity of Subcommitiee DESOT on ldeotifica-
uon and Classifecatioa of Soikx
© Curmrent cdition approved Junc 29, 1990, Published August 1990, Ongnally
Jublishod 2s D 2487 - 66 T, Lag previous editioa D 2487 - 25,

? Canagrande, AL “Clauificton and ldentifiation of So” Traasactions,

SCE, 1948 p. 901

2. Referenced Documeants

2.1 ASTAM Standards:

C 117 Test Mcthod for Materials Finer Than 754um (No.
200) Sieve in Mincral Aggregates by Washing®

C 136 Mcthod for Sieve Analysis of Fine and Coarse
Aggregates®

C 702 Practice for Reducing Field Samples of Aggregate
to Testing Size?

D420 Practice for Investigating and Sampling Soil and
Rock for Engincering Purposes®

D421 Practice for Dry Preparation of Sodl Samples for
Particle-Size Analysis and Determination of Soil Con-
stants*

D 422 Mcthod for Particle-Size Analysis of Soils*®

D653 Terminology Relating to Soil, Rock, 2nd Coo-
tained Fluids*

D 1140 Test Mcthod for Amount of Material in Soils
Finer thae the No. 200 (7541m) Sieve*

D 2216 Mecthod for Labomtory Determivation of Water
{Moisture) Content of Soil, Rock, and Soil-Aggregate
Mixtures*

D 2217 Practice for Wet Prepamation of Soil Samples for
Particle-Size Analysis and Determination of Sotl Con-
staats* '

D 2488 Practice for Deseription and Identification of Soils
(Visuzl-Manual Procedure)®

D 4083 Practice for Description of Frozen Soils {(Visual-
Manual Procedure)!

D 4318 Test Method for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils*

D 442‘7 (lassification of Pcat Samples by Laboratory Test-
ing

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poscs’

3. Terminolngy

3.1 Definitions—Except as listed below, all definitions arc
in accordance with Terms and Symboks D 653.

NoTE 4—For particks retainod on a2 -in. {(7%mm) US. suandard
sicve, the [oliowing definitions zre suggesiod:

Cobbles-~partickes of rock thal wili pass 2 {2-in (300-mm) squarc
opening and be retained on & o (75-mm) US. standard sieve, and

Boulders—partides of rock that will aot pass a [Zin. (300-mm)
SQUEre OpEnIng

311 gravel—paricies of rock that will pass a 3-in

Y Aanual Bood; of ASTH Standards: Yol 04.02.
* Anaval Book of ASTH Standards_ Vol (408,



. @ D 2487 -

15-mm) sicve and be retained on a No. 4 (4.75-mm) US.

sndard sicve with the following subdivisions:
Coarse—passcs 3-in. (15-mm) sicve and retained on ¥a-in.
(19-mm) sieve, and
Fine—passes ¥a-in. (19-mm) sicve and retained on No. 4
(4.75-mm) sicve.

3.1.2 sand-—particles of rock that will pass 2 No 4
..75-mm) sicve and be retained on 2 No. 200 (75-um) US.
andard sicve with the following subdivistons:

Coarse—passes No. 4 (4.75-mm) sieve and retained oo

No. 10 (2.00-mm) sieve,
Medium—passes No. 10 (2.00-mm) sicve and retained on
No. 40 {425-pum) sicve, and
Fine—passes No. 40 (425+41m) sicve and retzined on No.
200 (75-yum) sieve,

3.1.3 dlay—soil passing a No. 200 (75-4um) U.S. standard
sve that can be made 10 exhibit plasticity (putty-like prop-
ties) within a range of water contents and that exhibits
smsiderable strength when air dry. For classification, a clay
a fine-grained soil, or the finc-grained portion of 2 soil,
‘th a plasticity index equal to or greater than 4, and the plot

pIa.sucuy index versus liquid limit falls on or above the
\" linc,

3.1.4 silr—soil passing a No. 200 (754um) US, siandaxd
:ve that is nonplastic or very slightly plastic and that
hibits Iittle or no strength when air dry. For classification,
silt is a fine-grained soil, or the finc-grained portion of 2
il, with a plasticity index Icss than 4 or if the plot of
asticity index versus liquid Limit falis below the “A™ line.

1.5 organic clay—a clay with sufficient organic content

aflucnce the soil properdes. For classification, an organic -

1y is 2 soil that would be classified as a2 clay except that its
.uid limit value afler oven drying is less than 75 % of its
uid Limit valuc before oven drying.

3:1.6 organic silt—a silt with sufficient organic content to
luence the soil properties. For classification, an organic silt
1 soi! that would be classified as a silt cxcept that its liquid
1it value afier oven drying is less than 75 % of tts liquid
1t value before oven drying.

3.1.7 peat—a soil composed of vegetable tssue in various
ges of decomposition usually with an orpanic odor, a
-k-brown to black color, 2 spongy coasistency, and 2
ture ranging from fibrous to amorphous.

3.2 Descriptions of Terms Specific to This Standard:

h2.1 coefficient of curvature, Ce—the ratio (D3 (D, X
) where Dy, Dy, and Dy, are the partide diameters
responding to 60, 30, and 10 % finer on the cumulative
ticle-size distnbution curve, respectively.

2.2 coefficient of uniformity, Cu—the ratio Dg/Dyg,
zre Dy, and D, are the panticle diameters comesponding
0 and 10 % finer on the cumulative particlesize distri-
ton curve, respectively,

summary of Test Method

-1 As Hlustrated in Tahle 1, this classification system iden-
s three major soi] divisions: coarse-grained soils, fine-
ned soils, and highly organic soils. These three divasions
urther subdivided into a total of 15 basic soil groups.

2 Based on the resulis of visual obscrvations and pre-
xd laboratory tests, a soit is caralogued according {0 the
= soil groups, assigned a group symbol(s) 2nd name, and

——

therehby classified. The flow charts, Fig I for finc gmincd
soils, and Fig. 2 for coarse-grained soils, can be used 1o assign
the appropriate group symbol(s) and pame.

5. Signiflcance and Use

5.1 This test method classifies soils from any peographic
location into categonies representing the results of prescribed
laboratory tests to determine the particle-size characteristics,
the liquid lxm.u, and the plasticity index.

5.2 The assigning of a group name and symbol(s) along
with the descriptive information required in Practice D 2488
can be used to describe a soil to aid in the evaluation of its
significant propcrﬁcs for cnginccdng use,

5.3 The various groupings of this classification system

have been devised to comrelate in a general way with the
cogineering behavior of soils, This test method provides a
useful first step in any ficld or laboratory investigation for
geotechnical engineering purposes.

5.4 This test method may also be used as an aid i
training personnel in the use of Practice D 2488,

5.5 This test method may be used in combination with
Practice D 4083 when workdog with frozen soils.

6. Apparatus

6.1 In addition to the apparatus that may be required for
obtaining and preparing the samples and conducting the
prescribed laboratory tests, a plasticqty chart, similar to Fig.
3, and a cumulative pariicle-size distribution curve, similar
to Fig. 4, arc required.

Note 5—The “U™ Line shown oa Fig 3 has been cmpiriczl!y
determined o be the approximate “upper limil™ for natural soids. It is a
good check against crroncous data, and any test n:u!u that plot abave
ortathe Lefi of it should be verified.

7. Sampling

7.1 Samples shall be obtained zad identified 1o accord-
ance wath 2 method or methods, recommended in Recom-
mended Practice D 420 or by other accepted procedures.

1.2 For accurate identificaiion, the minimum amount of
test sample fequired for this test method will depend oa
which of the laboratory tesis need 10 be performed. Where
only the paricle-size analysis of the sample is required,
specimens haviag the following minimum dry weights are
required:

Maximum Particle Stize, Minimum Specimen Size,

Sicwe Opening Dry Weight
475 men (No. 4) 100 g (025 W)
93 mm (¥ w) 200 g (0.5 I}

190 mm (¥ in) 1.0 kg (212 Ib)
331 mm (1% in) IO kg (18 1)
750 mm (3 in) 600 kg (132 )

Whenever possible, the ficld samples should have weights
two 10 four times larger than shown.

7.3 Whean the hquid and plastic limit tests must also be
performed, additional material will be required sufficient to
provide 150 g 10 200 g of soil finer than the No. 40 (425-um)
sicve. ‘

1.4 I the ficld samplc or test specimen is smaller than the
minimum recommended amount, the report shall includc an
appropriaic remark,
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FIG. 1a Flaw Charl for Classifying Fine-Gralned Soll (53 % or Moce Pssses Ho. 200 Sleve)

8. C]zssi_fimtion of Peaj

(8.1 Arsample composed pnmarily of vegetable tissue in
vanous stages of decomposition and has a fibrous to amor-
phous texiwure, a dark-brown 10 black color, and an organic
odor should be designated as 2 highly organic soil and shall
be classified as peat, PT, ddd not subjected 10 the classifica-
tion procedures described hercafier.

8.2 If desired, classification of type of peat can be per-
formed in accordance with Classification D 4427.

9. Preparation for Cassification

9.1 Before a soil can be dassilied according to this test
mecthod, generally the particle-size distnibution of the minus
3-in. (75-mm) material and the plasticity characteristics of
the minus No. 40 (425-um) sicve material must be deter-
mined. Sec 9.8 {or the specific required tests.

9.2 The preparation of the soil specimen(s) and the testing
for particle-size distibution and liquid limit and plasticity
index shall be in accordance with acceptled standard proce-
“dures. Two procedures for preparation of the soil specimens
for testing for soil classification purposes are given in

vpendixes X3 and X4, Appendix X3 describes the wet

«epasation method and is the preferved method for cohesive
soils that have never dricd out and for organie soils.

9.3 When reporling soil classifications determined by this
test method, the preparation and test procedures used shall
be reported or referenced.

9.4 Although the test procedure used in determining the
particle-size distribution or other considerations may require
a hydrometer analysis of the material, a hydrometer analysis
15 not nccessary for soil classification.

9.5 The percentage (by dry weight) of any plus 3-in.
(75-mm) material must be determined apnd reported as
auxiliary 1nformation. )

9.6 The maximum particic size shall be determined (mea-
sured or estimated) and reported as auxiliary information.

9.7 Wheo the cumulative particle-size distribution is re-
quired, a sct of sieves shall be used which ioclude the
following sizes (with the larpest size commensuratc with the
maximum particle size) with other sicve sizes as needed or
required to define the panticle-size distribution:

3-in. (75-mm)
Yae-in(19.0-mm)
No. 4 (4.75-mm)
No. 10 (2.00-mam)
No. 40 (425-um)
Na. 200 (754m)

9.8 The tests required to be performed in preparation for
classification are as follows:

9.8.1 For soils estimated to contain less than 5 % fines, a
plot of the cumulative particle-size distribution curve of the
fraction coarser than the No. 200 (75-um) sieve is required.
The cumulative particle-size distribution curve may be
plotted on 2 graph similar 1o that shown in Fig 4.

£

e
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2 For soils estimated to contain 5 to 15% fines, a

slative particle-size distribution curve, as described in
.1, Is required, and the liquid limit and plasticity index are
uired.
1.8.2.1 If suflicient matedal is nat available to determine
liquid Umit and plasticity index, the fines should be
rmated to be cither silty or clayey using the procedures
cribed in Practice D 2488 and so poled in the report
.8.3 For soils estimated to contain 15 % or more fines, a
srmination of the percent fines, percent sand, and percent
vel is required, and the liquid limit and plasticity index
required. For soils estimated to contain 90 % fines or
e, the percent fines, percent sand, and pereent gravel
¢+ be estimated using the procedures described in Practice
438 and so noted in the report

Preliminary Classification Procedure

3.1 Class the soil as fine-grained if 50 % or more by dry
tht of the 15t specimen passes the No. 200 (7541m) sieve
follow Section 11,

.2 (Class the soil as coarse-grained tf more than 50 % by
weight of the test specimen is retained on the No. 200
1m) sicve and (ollow Section 12.

Proceduce for Classification af Fine-Grained Soils (50 %
or more by dry weight passing the No. 200 {75-4un)
Hcve)

* The soil is an inorganic clay if the position of the

ity index versus liquid limit plot, Fig. 3, falls on or
c the "A" line, the plasticity index is grealer than 4, and
resence of organic matter does not influence the liquid
as determined in 11.3.2,

Note 6—The plasticity index and liquid imil 2rc determined oa the
miaus No. 40 {425 pm) sieve material,

11.1.1 Qassify the soil as a lean clay, CL, if the liquid
Limit is less than 50. See arca identified 2s CL an Fig 3.
I E1.2 Qlassify the soil as a far clay, CH, 1 the liquid imit
1s 50 or greater. Sec area identified as CH on Fig. 3.

Note 7—In cases where the liquid limit exeeeds 110 or the plasticity
index excoeds 60, the plasticity chart may be expanded by maiatining
the same scale on both axes and extending the “A”™ linc af the indicated
slope. :

11.1.3 CQlassify the soil as a sifty clay, CL-ML, if the
position of the plasticity index versus liquid Emit plot falls
on or above the “A” linc and the plasticity index is io the
range of 4 to 7. See area identified as CL-ML on Fig 3.

E1.2 The soil 1s an inorganic silt il the position of the
plasticity index versus fiquid limit plot, Fig. 3, falls below the
“A" line or the plasticity index is less than 4, and presence of
organic matter docs not influence the liquid {imit as deter-
mined ig 11.3.2,

11.2.1 Classify the soil as a sélr, ML, if the liquid limit is
less than 50. See area identificd as ML on Fig. 3.

11.2.2 Classify the sod as an elastic silt, MH, if the Bquid
Himit is 50 or greater. Sec area identified as MH on Fig 3.

11.3 Thesoll is an organic silt or clay if organic matter is
present in suflicient amounts to influence the quid limit as
determined in 11.3.2.

11.3.1 I the soil has a dark color and an organic odor
when moist and warm, a second liquid Limit test shall be
performed on a test specimen which has been oven dried at
110 + 5°C 10 a constant weight, typically over night.

11,32 The soil is an organi¢ silt or organic clay if the
liquid [imit after oven drying is less than 75 % of the liquid
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limit of the odginal specimen determined before oven drying
{scc Procedure B of Pracuce D 2217)

§1.3.3 Classify the soil 2s an organic silt or organic clay,
OL, if the liquid limit (not oven dried) is less than 50 %.
Classify the soil as an argeaic sift, OL, if the plasticity imdex
15 less than 4, or the position of the plasticity index versus
liquid limit plot falis below the “A™ line. Classify the soil as
an organic clay, OL, il the plasticity index is 4 or greater and
the position of the plasticity index versus liquid limit plot
[alls on or above the “A™ linc, See arca identified as OL (or
CL-ML) on Fig. 3.

11.3.4 Classily the soil as an argahic clay or argaenic silt,
OH, il the hquid hmit (not oven dned) is 50 or greaier,
Classily the soil as an organic silt, OH, il the positon of the-
plasticity index versus liquid limit plot falls below the “A™
line. Classify the soil as an organic clay, OH, if the position
of the plasticity index versus liquid-limit plot falls oo or
above the "A™ line. See area identified as OH on Fig. 3.

11.4 If less than 30% but 15% or more of the test
specimen is retained on the No, 200 (75+1m) sieve, the words
“with sand™ or “with gravel™ (whichever-is predominant)
shall be added to the group name, For cxample, lean clay
with sand, CL; silt with gravel, ML. If the pereent of sand is
eoual 10 the percent of gravel, use “with sand.”

11.5 If 30 % or more of the test specimen is retained on
the No. 200 (75-pm) sieve, the words “sandy™ or “gravelly™
shall be added 10 the group name. Add the word “sandy™ if

30 % or more of the 1est specimen is retained on the No. 200
- {15-um) sieve and the coarse-grained portion is predomi-
nanty sand. Add the word “gravelly™ if 30 % or morc of the
lest specimen is retained on the No. 200 (754m) sicve and
the coarse-grained poruon is predominantly gravel. For

example, sandy lean clz:y. CL; gravelly fat clay, CH; sandy
sit, ML, If the percent of sand is equal to the percent of
gravel, use “sandy,”

12. Procedure for Classification: of Coarse-Grzined Soils
(more than 50 % retained on the No. 200 (75-um) sieve)
12.1 Class the soil as gravel if more than 50 % of the

coarse [raction [plus No. 200 (75-tm) sicve] is retained on
the No. 4 (4.75-tnm) sicve.

12.2 (lass the soil as sand if 50 % or morc of the coarse

" fraction [plus No. 200 (75-pm) sicve] passes the No. 4

(4.75-mm) sieve.
123 1f 12 % or less of the test specimen passes the No.
200 (75-pm) sieve, plot the cumulative particle-size distribu-
uon, Fig. 4, and compute the cocflicient of uniformity, Cu,
and coeflicient of curvature, Ce, 2s given in Eqs § and 2.
Cu =Dg/D,
Ce = (D3)/(Dy X Dy

)
2}
where:

Do, Dy, 2nd Dy = the panticle-size diameters corre-
sponding te 10, 30, and 60 %, respectively, passing on the
cumulative panicle-size distribution curve, Fig. 4.

Note 8—lt may be nooessary 10 cxtrapolzic the curve ko obizin the
D, dizmeler.

12.3.1 Hlessthan 5 % of the test specimen passes the No.
200 (75-um) sieve, dassify the soil as a well-graded gravel,
GW, or well-graded sand, SW, if Cu is greater than 4.0 for
gravel or greater than 6.0 for sand, and Cc is at Ieast 1.0 but
not more than 3.0, .

12.3.2 Jfless than 5 % of the test specimen passes the No.
200 (75-um) sicve, classily the soil as poorly graded gravel,
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GP. or poorly graded sand, SP, if cither the Cu orf the Ce
iteria for well-graded soiis are not sausfied.

124 If more than 12 % of the test speamen passes the
No. 200 {75-um) sicve, the soil shall be considered a
soarse-grained so0il with fincs. The fines are determined to be
sither claycy or silty based on the plasticity index versus
iquid limit plot on Fig. 3. (See 9.8.2.1 if insufficient material
wvailable for testing). (Sce NOTEG) .

12.4.1 Classify the soil as a clayey gravel, GC, or clayey
:and, SC, if the fines are clayey, that is, the position of the
sasticity index versus liquid limit plot, Fig 3, falls on or
ibove the “A™ line and the plasticity index is greater thaa 7.

12.4.2 Qlassify the soll as a silty gravel, GM, or silty sand,
iM, if the fines are silty, that is, the position of the plasticity
ndex versus liquid limit plot, Fig. 3, falls below the “A™ line
s the plasticity index is less than 4,

12.4.3 If the fincs plot as a silty clay, CL-ML, classify the
oil as a silty, clayey gravel, GC-GM, if it is 2 gravel or a silty,
dayey sand, SC-SM, if it is a sand.

12,5 If 5 1o 12 % of the test specimen passes the No. 200
7544m) sicve, give the soil a dual classification using two
roup symbols.

12.5.1 The first group symbol shall correspond (o that for

gravel or sand having less than § % fines (GW, GP, SW,
-P), and the sccond symbol shall correspond fo a2 gravel or
and having more than 12 % fines (GC, GM, SC, SM).

12.5.2 The group name shall correspond to the first group
ymbol plus “with cay™ or “with silt” to indicate the
lasticity characteristics of the fines. For example, well.

1ded gravel with clay, GW-GC; poorly graded sand with
al, SP-SM (Sec 9.8.2.1 if insufficient matenal available for
ssting).

NoTe 9—II the fincs plot as a silty clay, CL-ML, the second group
anbol should be cither GC or SC. Fofexample, & poordy graded sand
ith 10 % fincs, 3 liquid limi of 20, and a plasticity index of 6 would be

asuifted as a pooriy graded sand with siy clay, SP.SC

12.6 If the specitnen is predominantly sand or gravel but

—

contains [5 % OF more of the other coarse-grained constit-
uent, the words “with gravel™ or “with sand™ shall be added
10 the group name. For cxample, pootly graded gravel with
sand, clayey sand with gravel.

12.7 If the ficld sample contained any cobbies or boulders
or both, the words “with cobbles,™ gr “with cobbles and
boulders™ shall be added to the group name. For example,
silty gravel with cobbles, GM.

13. Report

I3.1 The report should include the group name, group
symbol, and the results of the laboratory tests. The particle-
size distribution shall be given in terms of percent of gravel,
sand, and fines. The plot of the cumulative pariicle-size
distribution curve shall be reported if used in classifying the
soil, Report appropriate descriptive information according 1o
the procedures 1n Practice D 2488. A local or commercial
npame or geologie interpretation for the material may be
added af the end of the descriptive information if identified
as such. The test procedures used sha¥l be referenced,

Note 10—Example: Clayey Gravel with Sand and Cobbles (GOY—
46 % finc to coarse, hard, subrounded gravet; 30 % finc 1o coarse, hard,
subrounded sand: 24 % clayey fines, LL = 38, PI = 19; wxak reaction
with HQ; original ficdd sample had 4 % hard, subrounded cobbles;
maximum dimension 150 mm.

In-Place Conditions—firm, homogeacous, dry, begwn,

Geologic Interpretation-—alluvial fan.

HNote 1i—Other examples of soil deseriptions arc given in Appendix
XI.

14. Precision and Bias

141 This test mcthod provides gqualitative dala only;
therefore, a precision and bias statement is nonapplicable.

5= Keywords =

15.1 Atterberg limus; dassification; clay; gradation;
gravel; laboratory classification; organic soils; sand; silt; soil
classification; soil tests

- APPENDIXES

(Nonmandatery Ioformstion)

X1. EXAMPLES OF DESCRIPTIONS USING SOIL CLASSIFICATION

X 1.1 The followang examples show how the information
quired in 13.1 can be reported. The appropnate descriptive
dormation from Practice D 2488 is induded for llustrative
arposcs. The additional descriptive terms that would ac-
ympany the soif classiication should be based on the
tended use of the clasdfication and the individuval circum-
ances.
X1 LI Well-Graded Gravel with Sand (GW)—T731 % fine
« coarse, hard, subangular gravel; 23 % finc 10 coarse, hard,
tbangular sand; 4 % fines; Ce =27, Cu = 124.

(1,1.2 Silty Sand with Gravel (SM)—61% predomi-

.atly fine sand; 23 % silty fines, LL = 33, Pl = §; 16 % finc,

ud, subrounded gravd; no rcaction with HCI; (ield sample

smaller than recommended). In-Place Conditions—Firm,
stratified and contains lenses of silt 1 to0 2 in. thick, moist,
brown to gray; in-place density = 106 Ib/ft’ and in-place
moisture = 9 %,

X1.L.3 Organic Clay (OL)—100 % fincs, LL (oot dried)
= 32, LL {oven dried) = 21, Pl {not dried) = I{; wet, dark
brown, organic odor, weak reaction with HCL.

X1.1.4 Silty Sand with Organic Fines (SA{)—74 % finc 10
coarse, hard, subangular reddish sand; 26 % organic and silty
dark-brown fines, LL (not dned) = 37, LL (oven dried) = 26,
Pl {(not dnied)} = 6, wet, weak reaction with HCL

X1.L5 Poorly Graded Gravel with Silt, Sand, Cobbles and
Boulders (GP-GM)—78 % finc to coarse, hard, subrounded
to subangular gravel; 16 % fine to coarse, hard, subrounded
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to subangular sand; 6 % silty {cstimated) fines; moist, brown;
no reaction with HCE: original field sample had 7 % hand,

—

subrounded cobbles and 2 % hard, subrounded boulders
with 2 maximum dimension of 18 10,

X2. USING SOIL CLASSIFICATION AS A DF_SCRIPT[VE SYSTEM FOR SHALE, CLAYSTONE, SHELLS,
SLAG, CRUSHED ROCK, ETC.

X2.1 The group names and symbols used in this test
method may be used as 2 descriptive system applied 10
materizls that exist in situ as shale, daystone, sandstone,
silistone, mudstone, etc., but coavert o soils afler field or
laboratory processing (crushing, slaking, etc.).

X2.2 Matenals such as shells, crushed rock, slag, cic,
should be identified as such. However, the procedures used
in this method for describing the particle size and plasticity
characteristics may be used in the description of the material.
If desired, a classification in accordance with this test method
may be assigned o aid in describing the materal,

'X2.3 If a classification is used, the group symbol(s) and
group names should be placed in quotation marks or noted
with some type of distinguishing symbo!. See examples.

X 2.4 Examples ol how soll classifications could be incor-
porated into a description system for materials that arc not
naturally occurring soils are as follows:

X2.4.% Shale Chunks—Retrieved as 2 1o 4-in. piéces of
shale from power auger hole, dry, brown, no reaction with
HCO. After laboratory processing by slaking 1n water for 24 b,
material classified as “Sandy Lean Qay (CLY"—61 % clayey
fines, LL = 37, Pl = 1§; 33 % finc 10 medium sand: 6 %
gravel-size pieces of shalc.

X2.4.2 Crushed Sandﬁone—»?roduct of commercial
crushing operation; “Poorly Graded Sand with Sih (SP-
SM)"—91 % fine 1o medium sand; 9 % silty (estimated)
fines; dry, reddish-brown, strong reaction with HQ.

X24.3 Broken Shelli—62 % gravel-size broken shells:

‘ 31 % sand and sand-size shell picces; 7 % fines, would be

classified as “Poorly Graded Gravel with Sand (GP)™.

X244 Crushed Rock—Processed gravel and cobbles
from Pit No, 7; “Poorly Graded Gravel (GP)"--89 % fine,
hard, angular gravcl-size particles; 11 % coarse, hard, angular
sand-size particles, dry, tan; no reaction with HCY; Ce = 24,
Cu=0J9.

X3. PREPARATION AND TESTING FOR CLASSIFICATION PURPOSES BY THE WET METHOD

~ X3.1 This appendix describes the steps in preparing a soil
“ample for testing for purposes of soil classification usiog a
vel-preparation procedure,
X3.2 Samples prepared in accordance with this procedure

should contain as much of thear natural water content-as

possible and every effort should be made during obtaining,
prepaning, and transporiating the samples to maintain the
natural moisture.

X 3.3 The procedures o be followed 1n this test method
assume that the ficld sample contains fines, sand, gravel, and
plus 3-in. (75-mm) particles and the cumulative particle-size
distribution plus the liquid limit and plasticity index values
are required {sce 9.8). Some of the following sieps may be

omilted when they are not applicable to the soil being tested.

X3.4 If the soil contains plus No. 200 (75-um) particles
that would degrade duning dry sieving, use a test procedure
for determining the pamclc size cbamctcnsucs that preveats
this degradation.

X3.5 Sipce this classification system is limited o the
portion of a sample passing the 3-in. {75-mm) sicve, the plus
3-in. (?5-mm) material shall be removed prior 1o the
determination of the parucle-size characterstics and the
liquid limit and plasticity index. ‘

X 3.6 The portion of the ficld sample finer than the 3-in.
{(75-mm)} sicve shall be obtained as follows:

X3.6.1 Scparate the ficld sample inlo 1wo {ractions on a
3-in. (75-mm)} sieve, being careful to maintain the patural
waler conient in the minus 3-in. (75-mm) {rection. Any

_particles adhering 10 the plus 3-in. (75-mm) particles shali be
brushed or wiped off and placed in the {racuon passing the
Y-, (75-mm) sicve.

X3.6.2 Determine the air-dry or oven-dry weight of the

fraction retained on the 3-in. (75-mm) sieve. Determine the
total (wet) weight of the fraction passing the 3-in. (35-mm)
sieve.

X3.6.3 Thoroughly mix the {racion passing the 3-n.
{75-mum) sieve. Determine the waler content, in accordance
with Method D 2216, of a representative specimen with a
minimum dry weight as required in 7.2, Save the water-
canten! specimen for determination of the pardcle-suze
analysis in accordance with X3.8.

X3.6.4 Compute the dry weight of the {raction passing the
3-in. (75-mm) sicve based on the water content and total
{wet) weight. Compuice the total dry weight of the sample and
calculate the percentage of material retained on the 3-in.

. {75-mm) sieve.

X3.7 Determine the liquid limit and plastiaty index as
follows:

X3.7.1 If the soil disaggregates readily, mix on a clean,
hard surface and select a represeatative sample by quartening
11 accordance with Methods C 702,

X37.1.0 If' the soil contains coarse-grained partcles
coated with and bound together by tough claycy material,
take extreme care in obtaining a representalive portion of the
No. 40 (425-um) {raction. Typically, a larger poruon than
normal has 10 be sclected, such as the minimum weights
required i 7.2,

X3.7.1.2 To obtain a representative specimen of a basi-
cally cohesive soil, i may be advaniageous to pass the soi
through a Ye-in. {19-mm)} sicve or other convenicnt Size O
the maienal can be more easily mixed and then quaricred of
split 1o oblaio the representative specimen.

X3.7.2 Process the representative specimen 1n accordance
with Procedure B of Praciice D 2217,
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X3.7.3 Perform the liquid-fimit test in accordance with
Test Method D 4318, cxcept the soif shall not be air dried
prior 10 the test.

X3.7.4 Perform the plastic-limit test in accordance with
Test Method D 4318, except the soif shall not be air dried
prior to the test, and calculate the plasticity index.

X3.8 Determine the paniicle-size distribution 2s follows:

X3.8.1 If the water content of the fraction passing the
3-in. (75-mm) sieve was required {X3.6.3), usc the water-
content specimen for determining the particle-size distribu-
tion. Otherwise, select a rcpmcmztivc specimen in accord-
ance with Prmctice C 702 wnh a minimum dry wdight as
required in 7.2,

X3.8.2 If the cumulative pamdc-mzx: distribution in-
cluding 2 hydromeier analysis is required, determitne the
particle-size distribution in accordance with Method D 422.
See 9.7 for the set of required sieves,

—

X3.8.3 If the cumulative particle-size distribution without
a hydrometer analysis is required, determinc the-particle-size
distribution in accordance with Method C 136. See 9.7 for
the set of required sicves. The specimen should be soaked
unul all clayey ageregations have sofiened and then washed
in accordance with Test Method C 117 prior 10 perdforming
the particle-size distribution.

X3.8.4 If the cumulative particle-size distrbution is not
required, determine the percent fines,. percent sand, and
pereent gravel in the specimen tn accordanes with Test
Method C 117, being sure to soak the specimen long enough
10 soften 2l clayey aggregadons, foliowed by Method C 136
using a nest of sieves which shall include a No. 4 (4 15-mm)
sieve and a No. 200 (754um) sieve.

X3.8.5 Calculate the percent fines, percent sand, and
percent pravel in the minus 3-in. {(75-mm) fraction for
classification purposes.

X4. AIR-DRIED METHOD OF PREPARATION QOF SOILS FOR TESTING FOR CLASSIFICATION PURPOSES

X4.1 This appendix describes the steps in preparing a soil
sample for testing for purposes of sotl classification when
air-drying the soil before testing is specified or desired orf
when the natural moisture content is near that of an air-doed
state.

X42 If the sofl contains organic matter or mineral |

olloids that are irreversibly affected by air drying, the

wel-preparation method as described in Appendix X3 should
be used.

X4.3 Since this classification system is limited to the
‘portion of a sample passing the3-in. (75-mm) sicve, the plus
3-in. (75-mm) material shall be removed prior w0 the
determination of the particle-size charactenistics and the
hiquid limit and plastucty index.

X4.4 The portion of the ficld sample finer than the 3-in.
(75-mm) sieve shall be obtained as follows:

Xd.4.1 Air dry and weigh the field sample.

X4.42 Scparate the field sample into two {ractions on a
3an. (75-mm) sieve.

X4.4.3 Weigh the two fractions and compute the per
centage of the plus 3an. (75-mm) matcna] in the ficld
sample.

X4.5 Determinc the particle-size distribution and liquid
limit and plasticity index as follows {see 9.8 for when these
fests are required):

X4.5.1 Thorough]y mix the fraction passing the 3-in.
{75-mm) sicve.

X4.5.2 If the cumulative parudc-szzc distribution in-
cluding a hydrometer analysis is required, determine the
particle-size distribution in accardance with Mcthod D 422,
Sec 9.7 for the set of sieves that is required.

X4.5.3 If the cumulative particle-size distribution without
a hydrometer analysis is required, determioe the particle-size
distribution in accordance with Test Method D {140 fol-
lowed by Method C 136. Scc 9.7 for the set of sicves that 1s
required.

X4.5.4 i the cumulative particle-size distnibution is not
required, determine the percemt fines, percent sand, and
percentl gravel In the specimen in accordance with Test
Method D 1140 followed by Method C [36 using a nest of
sicves which shall include 2 No. 4 (4.75-mm) sieve and a Na.
200 (75-um} sieve.

- X4.5.5 If required, dctcrmmc the liquid himit and the
plasticity index of the test specimen in accordance with Test
Method D 4318,

X5. RATIONALE

XS.1 Significant revisions were made to the standard
which appeared as D 2487 — 83 from the previous version of
D 2487 - 69 (1975). The changes are documnented in the
literature,

X5.2 Changes 1n this version from thc last include the

addition of 8.2 on classification of peat, the addition of 4.5
on classification of frozen soils, the addition of NOTE 6 for

- clarificauon of matenals used to determine the plasucty

10

index and liquid iimit, and the addition of Appendix X5 an
Rationale.
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SOIL AND ROCK SAMPLE ACQUISITION

1.0 PURPOSE

The purpose of this procedure is to describe the handling of rock cores and subsurface soil samples collected
during drilling operations. Surface soil sampling also is described.

20 SCOPE

The methods described in this SOP are applicable for the recovery of subsurface soil and rock samples
acquired by coring operations or soil sampling techniques such as split-barrel sampling and thin-walled tube
sampling. Procedures for the collection of surface soil samples also are discussed. This SOP does not
discuss drilling techniques or well installation procedures. ASTM procedures for “Penetration Test and
Split-Barrel Sampling of Soils,” "Thin-Walled Tube Sampling of Soils," and "Diamond Core Drilling for Site
Investigation™ have been included as Attachments A through C, respectively.

3.0 DEFINITIONS

Thin-Walled Tube Sampler - A thin-walled metal tube (also called Shelby tube) used to recover relatively
undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to 5 inches outer
diameter (O.D.) and 18 to 54 inches length.

Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by threaded collars
at either end of the tube. Also called a split-spoon sampler, this device can be driven into unconsolidated
materials using a drive weight mounted on the drilling string. A standard split-spoon sampler (used for
performing Standard Penetration Tests) is two inches O.D. and 1-3/8-inches inner diameter (I.D.). This
standard spoon is available in two common lengths providing either 20-inch or 26-inch internal longitudinal
clearance for obtaining 18-inch or 24-inch long samples, respectively.

Grab Sample - An individual sample collected from a single location at a specific time or period of time
generally not exceeding 15 minutes. Grab samples are associated with surface water, groundwater,
wastewater, waste, contaminated surfaces, soil, and sediment sampling. Grab samples are typically used to
characterize the media at a particular instant in time.

Composite Samples - A sample collected over time that typically consists of a series of discrete samples
which are combined or *composited.” Two types of composite samples are listed below:

. Areal Composite: A sample collected from individual grab samples collected on an areal
or cross-sectional basis. Areal composites shali be made up of equal volumes of grab
samples. Each grab sample shali be collected in an identical manner. Examples include
sediment composites from quarter-point sampling of streams and soil samples from grid
pomts.

. Vertical Composite: A sample collected from individual grab samples collected from a
vertical cross section. Vertical composites shall be made up of equal volumes of grab
samples. Each grab sample shall be collected in an identical manner. Exampies include
vertical profiles of soil/sediment columns, lakes and estuaries.
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4.0 RESPONSIBILITIES

Project Manager - The Project Manager is responsible for ensuring that, where applicable, project-specific
plans are in accordance with these procedures, or that other approved procedures are developed.
Furthermore, the Project Manager is responsible for development of documentation of procedures which
deviate from those presented herein.

Field Team Leader - The Ficld Team Leader is responsible for selecting and detailing the specific sampling
techniques and equipment to be used, and documenting these in accordance with the Sampling and Analysis
Plan. It is the responsibility of the Field Team Leader to ensure that these procedures are impiemented in
the field and to ensure that personnel performing sampling activities have been briefed and trained to execute
these procedures. ;

Drilling Inspector - It is the responsibility of the drilling inspector to follow these procedures, or to follow
documented, project-specific procedures as directed by the Field Team Leader and/or the Project Manager.
The Drilling Inspector is responsible for the proper acquisition of rock cores and subsurface soil samples.

Sampling Personnel - It is the responsibility of the field sampling personnel to follow these procedures, or
to follow documented, project-specific procedures as directed by the Field Team Leader and/or the Project
Manager. The sampling personnel are responsible for the proper acquisition of samples.

5.0 PROCEDURES

Subsurface soil and rock samples are used to characterize the three-dimensional subsurface stratigraphy.
This characterization can indicate the potential for migration of contaminants from various sites. Inaddition,
definition of the actual migration of contaminants can be obtained through chemical analysis of subsurface
soil samples. Where the remedial activities may include in-situ treatment, or the excavation and removal of
the contaminated soil, the depth and areal extent of contamination must be known as accurately as possible.

Surface soil samples serve to characterize the extent of surface contamination at various sites. These samples
may be collected during initial site screening to determine gross contamination levels and levels of personal
protection required as part of more intensive field sampling activities, to gather more detailed site data during
design, or to determine the need for, or success of, cleanup actions.

Site construction activities may require that the engineering and physical properties of soil and rock be
determined. Soil types, bearing strength, compressibility, permeability, plasticity, and moisture content are
some of the geotechnical characteristics that may be determined by laboratory tests of soil samples. Rock
quality, strength, stratigraphy, structure, etc. often are needed to design and construct deep foundations or
remedial components. '

5.1 Subsuirface Soil Samples

This section discusses three methods for collecting subsurface soil samples: (1) split-spoon sampling; (2)
shelby tube sampling; and, (3) bucket auger sampling. All three methods yield samples suitable for
laboratory analysis. Copies of the ASTM procedures for split-spoon sampling and shelby-tube sampling are
provided in Attachments A and B, respectively.
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5.1.1  Split-Barrel (Split-Spoen) Sampling

The following procedures are to be used for split-spoon, geotechnical soil sampling:

Clean out the borehole to the desired sampling depth using equipment that will ensure that
the material to be sampled is not disturbed by the operation.

Side-discharge or bottom-discharge bits are permissible. The process of jetting through the
sampler and then sampling when the desired depthis reached shall not be penmttcd Where
casing is used, it may not be driven below the sampling elevation.

The two-inch O.D. split-barrel (not for geotech) sampler should be driven with blows from
a 140-pound hammer falling 30 inches in accordance thh ASTM D1586-84, Standard
Penetration Test.

Repeat this operation at intervals not longer than 5 feet in homogeneous strata, or as
specified in the Sampling and Analysis Plan.

Record on the Field Test Boring Record or field logbook the number of blows required to
effect each six inches of penetration or fraction thereof. The first six inches is considered
to be a seating drive. The sum of the number of blows required for the second and third six
inches of penetration is termed the penetration resistance, N. If the sampler is driven less
than 18 inches, the penetration resistance is that for the last one foot of penetration. (If less
than one foot is penetrated, the logs shall state the number of blows and the fraction of one
foot-penetrated.) In cases where-samples are driven 24 inches, the sum of second and third
six-inch increments will be used to calculate the penetration resistance. (Refusal of the
Standard Penetration Test will be noted as 50 blows over an interval equal to or less than
6 inches; the interval driven will be noted with the blow count.)

Bring the sampler to the surface and remove both ends and one half of the split-spoon such
that the soil recovered rests in the remaining half of the barrel. Describe carefully the
recovery (length), composition, structure, consistency, color, condition, etc. of the recovered
soil according to SOP F101; then put into jars without ramming. Jars with samples not
taken for chemical analysis should be tightly closed, to prevent evaporation of the soil
moisture. Affix labels to the jar and complete Chain-of-Custody and other required sample
data forms (see SOP F302). Protect samples against extreme temperature changes and
breakage by placing them in appropriate cartons stored in a protected area.

In addition to collecting soils for geotechnical purposes, split-spoon sampling can be employed to obtain
samples for environmental analytical analysis. The following procedures are to be used for split-spoon,
environmental soil sampling:

2

Follow sample collection procedures 1 through 6 as outlined in Section 5.2.1.

After sample collection, remove the soil from the split-spoon sampler. Prior to filling
laboratory containers, the soil sample should be mixed thoroughly as possible to ensure that

the sample is as representative as possible of the sample interval. Soil samples for volatile
organic compounds should not be mixed. Further, sample containers for volatile organic
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compounds analyses should be filled completely without head space remaining in the
container to minimize volatilization.

3. Record all pertinent sampling information such as soil description, sample depth, sample
number,'sample location, and time of sample collection in the Field Test Boring Record or
field logbook. In addition, Iabel, tag, and number the sample bottle(s).

4. Pack the samples for shipping (see SOP F301). Attach seal to the shipping package. Make
sure that Chain-of-Custody Forms and Sample Request Forms are properly filled out and
enclosed or attached (see SOP F302).

5. Decontaminate the split-spoon sample as described in SOP F501 and SOP F502. Replace
disposable latex gloves between sample stations to prevent cross-contaminating samples.

For obtaining composite soil samples (see Section 3.0), a slightly modified approach is employed. Each
individual discrete soil sample from the desired sample interval will be placed into a stainless-steel,
decontaminated bowl (or other appropriate container) prior to filling the laboratory sample containers.
Special care should be taken to cover the bowl between samples with aluminum foil t0 minimize
volatilization. Immediately after obtaining soils from the desired sampling interval, the sample to be
analyzed for volatile organic compounds (VOCs) should be collected. In the event that a composite sample
isrequired, care should be taken to obtain a representative sampling of each sample interval. The remaining
soils should be thoroughly mixed. Adequate mixing can be achieved by stifring in a circular fashion and
occasionally turning the soils over. Once the remaining soils have been thoroughly combined, samples for
analyses other than VOCs should be placed into the appropriate sampling containers.

512 Thin-Wall (Shelby Tube) Sampliag

When it is desired to take undisturbed samples of soil for physical laboratory testing, thin-walled scamless
tube samplers (Shelby tubes) will be used. The following method applies:

1. Clean out the hole to the sampling depth, being careful to minimize the chance for
disturbance or contamination of the material to be sampled.

2. The use of bottom discharge bits or jetting through an open-tube sampler to clean out the
hole shall not be allowed. Only side discharge bits are permitted.

3. Prior to inserting the tube sampler in the hole, check to ensure that the sampler head
contains a check valve. The check valve is necessary to keep water in the rods from pushing
the sample out of the tube sampler during sample withdrawal and to maintain a suction
within the tube to help retain the sample.

4, With the sampling tube resting on the bottom of the hole and the water level in the boring
at the natural groundwater level or above, push the tube into the soil by a continuous and
rapid motion, without impacting or twisting. In no case shali the tube be pushed further than
the length provided for the soil samplc Allow a free space in the tube for cuttings and
sludge.
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5. After pushing the tube, the sample should sit 5 to 15 minutes prior to removal. immediately
before removal, the sample must be sheared by rotating the rods with a pipe wrench a
minimum of two revolutions.

6. Upon removal of the sampler tube from the hole, measure the length of sample in the tube
and also the length penetrated. Remove disturbed material in the upper end of the tube and
measure the length of sample again. After removing at least an inch of soil, from the lower
end and after inserting an impervious disk, seal both ends of the tube with at least a 1/2-inch
thickness of wax applied in a way that will prevent the wax from entering the sample.
Newspaper or other types of filler must be placed in voids at either end of the sampler prior
to sealing with wax. Place plastic caps on the ends of the sampler, tape them into place and
then dip the ends in wax to seal them.

7. Affix labels to the tubes and record sample number, depth, penetration, and recovery length
on the label. Mark the same information and *up” direction on the tube with indelible ink,
and indicate the top of the sample. Complete chain-of-custody and other required forms (see
SOP F302). Do not allow tubes to freeze, and store the samples vertically (with the same
orientation they had in the ground, i.e., top of sample is up) in a cool place out of the sun at
all times. Ship samples protected with suitable resilient packing material to reduce shock,
vibration, and disturbance.

8. From soil removed from the ends of the tube, make a careful description using the methods
presented in SOP FI01.

9. When thin-wall tube samplers are @sed to collect soil for certain chentical analyses itmay
be necessary to avoid using wax, newspaper, or other fillers.

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to be
sampled. Often very loose and/or wet samples cannot be retrieved by the samplers, and soils with a
comsistency in excess of very stiff cannot be penetrated by the sampler. Other appropriate devices can be
used in conjunction with the tube samplers to obtain undisturbed samples of stiff soils. Using these devices
nommally increases sampling costs and, therefore, their use should be weighed against the increased cost and
the need for an undisturbed sample. In any case, if a sample cannot be obtained with a tube sampler, an

attempt should be made with a split-spoon sampler at the same depth so that at least one sample can be
obtained for classification purposes.

5.1.3 Bucket (Hand) Auger Sampling

Hand augering is the most common manual method used to collect subsurface samples. Typically, 4-inch
auger buckets with cutting heads are pushed and twisted into the ground and removed as the buckets are
filled. The auger holes are advanced one bucket at a time. The practical depth of investigation using a hand
auger is related to the material being sampled. In sands, augering is usually easily accomplished, but the
depth of investigation is controlied by the depth at which sands begin to cave. At this point, auger holes
usually begin to collapse and cannot practically be advanced to lower depths, and further samples, if
required, must be collected using some type of pushed or driven device. Hand augering may also become
difficuit in tight clays or cemented sands. At depths approaching 20 feet, torquing of hand auger extensions
becomes so severe that in resistant materials powered methods must be used.



Page 7 of 9

When a vertical sampling interval has been established, one auger bucket is used to advance the auger hole
to the first desired sampling depth. If the sample at this location is to be a vertical composite of all intervals,
the same bucket may be used to advance the hole, as well collect subsequent samples in the same hole.
However, if discrete grab samples are to be collected to characterize each depth, a decontaminated bucket
must be placed on the end of the auger extension immediately prior to collecting the next sample. The top
several inches of soil should be removed from the bucket to minimize the chances of cross-contamination
of the sample from fall-in of material from the upper portions of the hole. The bucket augcr should be
decontaminated between samples as outlined in SOP F502.

In addition to hand augering, powered augers can be used to advance a boring for subsurface soil collection.
However, this type of equipment is technically a sampling aid and not a sampling device, and 20 to 25 feet
is the typical lower depth range for this equipment. It is used to advance a hole to the required sample depth,
at which point a hand auger is usually used to collect the sample.

5.2 Surface Soil Samples

Surface soils are generally classified as soils between the ground surface and 6 to 12 inches below ground
surface. For loosely packed surface soils, stainless steel (organic analyses) or plastic (inorganic analyses)
scoops or trowels, can be used to collect representative samples. For densely packed soils or deeper soil
samples, a hand or power soil auger may be used.

The following methods are to be used:

I Use a soil auger for deep samples (greater than 12 inches) or a scoop or trowel for surface
samples. Remove debris, rocks, twigs, and vegetation before collecting the sample.

2. Immediately transfer the sample to the appropriate sample container. Attach a label and
identification tag. Record all required information in the field logbook (SOP F303) and on
the sample log sheet, chain-of-custody record (SOP F302), and other required forms.

3. Classify and record a description of the sample, as discussed in SOPF101. Descriptions for
surface soil samples should be recorded in the field logbook; descriptions for soil samples
collected with power or hand augers shall be recorded on a Field Test Boring Record.

4. Store the sampling utensil in a plastic bag until decontamination or disposal. Use anew or
freshly-decontaminated sampling utensil for each sample taken.

5. Pack and ship as described in SOP F301.

6. Mark the location with a numbered stake if possible and locate sample points on a sketch
of the site or on a sketch in the field logbook.

7. When a representative composited sample is to be prepared (e.g., samples taken from a
gridded area or from several different depths), it is best to composite individual samples in
the laboratory where they can be more precisely composited on a wclght or volume basis.
If this is not possible, the individual samples (all of equal volume, i.e., the sample bottles
should be full) should be placed in a stainless steel bucket (or other appropriate container),
mixed thoroughly using a decontaminated stainless steel spatula or trowel, and a composite



Page 8 of 9

sample collected. In some cases, as delineated in project-specific sampling and analysis
plans, laboratory compositing of the samples may be more appropriate than ficld
compositing. Samples to be analyzed for parameters sensitive to volatilization shouid be
composited and placed into the appropriate sample botties immediately upon collection.

53  Rock Ceres

Once rock coring has been completed and the core recovered, the rock core must be carefully removed from
the barrel, placed in a core tray (previously labeled “top™ and *bottom" 1o avoid confusion), classified, and
measured for percentage of recovery, as well as the rock quality designation (RQD) (see SOP F101). If split-
barrels are used, the core may be measured and classified in the split barrel after opening and then transferred
to a core box.

Each core shall be described and classified on a Field Test Boring Record using a uniform system as
presented in SOP Fi01. If moisture content will be determined or if it is desirable to prevent drying (é.g.,
to prevent shrinkage of hydrated formations) or oxidation of the core, the core must be wrapped in plastic
sleeves immediately after logging. Each plastic sleeve shall be labeled with indelible ink. The boring
number, run number and the footage represented in each sleeve shall be included, as well as the top and
bottom of the core run.

After sampling, rock cores must be placed in the sequence of recovery in wooden or plastic core boxes
provided by the drilling contractor. Rock cores from different borings shall not be placed in the same core
box. The core boxes should be constructed to accommodate 10 to 20 linear feet of core and shouid be
constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to keep the top
securely fastened. Wood partitions shall be placédat the end of each core run and between rows. The depth
from the surface of the boring to the top and bottom of the drill run and the run number shall be marked on
the wooden partitions with indelible ink. The order of placing cores shall be the same in all core boxes. The
top of each core obtained should be clearly and permanently marked on each box. The width of each row
must be compatible with the core diameter to prevent lateral movement of the core in the box. Similarly, any

empty space in a row shall be filled with an appropriate filler material or spacers to prevent longitudinal
movement of the core in the box. '

The mside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data
pertaining to the box's coritents. At a minimum, the following information must be included:

Project name

Date

Boring number

Footage (depths)

Run number(s)

Recovery

Rock Quality Designation (RQD)
Box number (x of x)

It is also useful to draw a large diagram of the core in the box, on the inside of the box top. This provides
more room for elevations, run numbers, recoveries, comments, etc., than could be entered on the upper edges
of partitions or spaces in the core box.
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For easy retrieval when core boxes are stacked, the sides and ends of the box should also be labeled and
include project name, boring number, top and bottom depths of core and box number.

Dueto the weight of the core, a filled core box should always be handled by two people. Core boxes stored
on site should be protected from the weather. The core boxes should be removed from the site in a careful
manner as soon as possible. -Exposure to extreme heat or cold should be avoided whenever possible.
Arrangements should be made to dispose of or return the core samples to the client for completion of the
project. :

6.0 QUALITY ASSURANCE RECORDS

Where applicable, Field Test Boring Records and Test Boring Records will serve as the quality assurance
records for subsurface soil samples, rock cores and near surface soil samples collected with a hand or power
auger. Observations shall be recorded in the Field Logbook as described in SOP F303. Chain-of-Custody
records shall be compieted for samples collected for laboratory analysis as described in SOP F101 and SOP
F302.

7.0 REFERENCES
L. American Society for Testing and Materials, 1987. Standard Method for Penetration Test and Split-

Barrel Sampling of Soils. ASTM Method D1586-84, Annual Book of Standards, ASTM,
Philadelphia, Pennsylvania. )

2. American Society for Testing and Materials, 1987. Standard Practice for Thin-Walled Tube
Sampling_of Soils. Method D1587-83, Annual Book of Standards, ASTM, Philadelphia,
Pennsylvania. o -

3. American Society for Testing and Materials, 1987. Standard Practice for Diamond Core Drilling
for Site Investigation. Method D2113-83 (1987), Annual Book of Standards ASTM, Philadelphia,
Pennsylvania.

4. U.S. EPA, 1991. Standard Operating Procedures and Quality Assurance Manual. Environmental
Compliance Branch, U. 8. EPA, Environmental Services Division, Athens, Georgia.
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Penetration Test and Split-Barrel Sampling of Soils’

This qandard is issued uader the fixed designstioe D 1586; the number immediatdy following the desipaticn fndicxtes the yoir of
original adoption or, in the casc of rovision, the year of last revision. A nuenber in parenthescs ndicates the yoer of last rezpproval. A
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This method has been approved Jor use by agencies of the Depariment of Defense and for listing in the DOD Index of Specifications and

Srandards.

1. Scope

1.1 This method dwc:nbcs the procedure, gencrally
known as the Standard Penetration Test (SPT), for driving 2
split-barrel sampler to obtzin a representative soil sample
and a measure of the resistance of the soil to penctration of
the sampler.

1.2 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-

mine the applicability of regulatory limitations prior to use.

For a specific precautionary statement, see 5.4.1.
1.3 The valucs stated 1o Inch-pound units are to be
regarded as the standard.

2. Referenced Documents

2.1 ASTAM Standards:
D 2487 Test Method for Classification of Soils for Engi-
aecring Purposes?

D 2488 Practice for Dw:npuun and Identification of Soﬂsf—

{Visual-Manual Procedure)®
D 4220 Practices for Preserving and Transporting Soil
Samples?

3. Descriptions of Terms Specific to This Standard

3.1 agnvil—that portion of the drve-weight assembiy
which the hammer strikes and through which the hammer
energy passes into the doll rods.

3.2 cathead—the rotating drum or windlass ia the rope-
cathead Lift system around which the operator wraps a rope
to lift and drop the hammer by successively tightening and
loosening the rope turns around the drum.

3.3 drll rods—rods used to transimit dowoward foree and
torque to the drll bit while drilling a borcholc,

3.4 drive-weight assembly—a device couosisting of the
hammer, hammer fall guide, the anvil, and any hammer
drop system.

3.5 hamimer—that portion of the drive-weight assembly
coansisting of the 140 + 2 b {63.5 & 1 kg) impact weight

which is successively lifted and dropped to provide the

ensrgy that accomplishes the sampling and penetration.

' This method is under the jurisdiction of ASTM Comemittee D-1§ on Soil and
Rock and is the dirodt rexponsability of Subcommittec D18.02 oa Sampling and
Belsted Ficd Testing for Soil lavestigatioas

Currenl editioa approved Scpt 11, 198 4. Publithed Hovcmber 1984, Originally
published as D 1564 - 58 T. Last previous ediion D 1586 - 67 (1974).

1 fnaual Book of ASTAL Standacds, Vol 04,08,

3.6 hammer drop system—that portion of the drve-
werght assembly by which the operator accomplishes the
lifting and dropping of the hammer to produce the blow.

3.7 hammer fall guide—that part of the drive-weight
assembly used to guide the fall of the hammer.

3.8 N-value—the blowcount representation of the pene-
tration resistance of the soil The N-value, reportzd in blows
per foot, cquals the sum of the number of blows required to
drive the sampler over the depth interval of 6 to 18 in. (150
to 450 mm) (s¢e 7.3).

3.9 AN—the number of blows obtained from each of the
6-in. (150-mnm) intervals of sampler penetration (see 7.3).

3.10 number of rope turns—ihe total contact angle be-
tween the rope and the cathead at the beginning of the
operator’s rope slackening to drop the hammer, divided by
360" {sea Fig. 1).

3.11 sampling rods—rods that connect the drive-weight
assembly to the sampler. Drill rods are often used for this
Purpose.

3.12 SPT—abbreviation for Standard Penctration Tst, a
term by which engineers commonly: refer to this method

4. Significance and Use

4.1 This method provides a soil sample for identification
purposes and for laboratory tests approprate for soil ob-
tained from a sampler that may produce large shear strain
disturbance in the sample.

4.2 This method is used extensively in a great variety of
geotechnical exploration projects. Many local correlations
and widely published comrelations which relate SPT blow-
count, or N-value, and the engineering bebavior of mrth
works and foundations are available,

5. Appamtus

5.1 Drilling Eguipmeni—-Any drlling cquipment that
provides at the time of sampling a suitably clean open hole
before insertion of the sampler and cosures that the penctra-
tion testis performed on undisturbed soil shall be acceptable,
The following picces of equipmeat have proven to be
suitable for advancing a borchole in some subsurface condi-
tions.

5.1.1 Drag. Chopping, and Fishtail Bits, less than 6.5 in.
(162 mm) and greater than 2.2 in. (56 mm) in diameter may
be used in conjuction with opep-hole rotary drilling oc
casing-advancement drilling methods. To avoid disturbance
of the underlying soil, botom discharpe bits are not per-
mitted; oaly side discharpe bits are permitted.

3.0.2 Roller-Cone Bits, less than 6.5 in. (162 mm) and
greater than 2.2 in. {56 mm) in diameter may be used in
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Standard Practice for
Thin-Walled Tube Sampling of Soils’

This standard is issued under 1he fixed detignation D 15£7: the numbcr immedisidy following the designauon indicates the year of
ariginal adoption ot, in the casc of rewision, the year of last rovition. A number in prreathoscs ndicales the year of last ccapproval. A
superscript cpsilon {¢f indicaies an oditonal change since the fag, revision or reapproval

This practice has been approved Jor wse by agencics of the Depanment of Defense and for listing in the DOD Iadex of Specifications and

Scandards,
1. Scope hard formauons il may be nceessary, although not recom-
I.I This practice covers a procedure for using a thin- mended, to dnive the thin-walled tube sampler..
walled metal tube to recover relatively undisturbed soil 5.3 Thin-Walled. Tubes, should be manufactured as

itable for laboratory tests of structural propertics. show_n in Fig. 1. They should havc.an outside diameter of 2
%Tgﬁﬂiaﬁu;cs used in pigon. plug. of romry-ptypc sam- 10 5 in. and be made of metal having adequate strength for
plecs, such as the Denison or Pitcher, must comply with the ~ Us< i the soll and formation intended. Tubes shali be clean
portions of this practice which describe the thin-walled tubcs and free of all surface iregulantics including projecting weld

(5.3). seams.
) . 5.3.1 Length of Tubes—See Table | and 6.4. 3
Nolrz 1 —This practice docs nol apply to liners used within the above 5.3.2 Tolerances, shall be within the limits shown in Table
samplers. 2_
) 5.3.3 Inside Clearance Ratio, should be 1 % or as speci-
2. Referenced Documents fied by the engineer or geologist for the soil and formation to
2.1 ASTAM Standards: be sampled. Generally, the inside clearance matic used should
D 2488 Practice for Description and Identification of Soils - increase with the increase in plasticity of the soil being
(Visual-Manual Procedure)? sampled, See Fig. | for definition of inside clearance ratia.
D 3550 Practice for Ring-Lined Barrel Sampling of Soils? 5.3.4 Corrosion Protection—Corrosion, whether from gal-
D 4220 Practices for Preserving and Transporting Soil vanic or chemical reaction, can damage or destroy both the
Samples? thin-walled tube and the sample. Severity of damage is a
function of time as well as interaction between the sample
Summary of Practice and the tube. Thip-walled tubes should have some form of

3.1 A relatively undisturbed sample is obtained by- =Drotective coating Tubes which wilt-contain samples for
pressing a thin-walled metal tube into the in-situ soil, ~ ™orc than 72 h shall be coated. The type of coating to be
remaoving the soil-filled tube, and sealing the ends to prevent  Used may vary depending upon the material to be sampled.

the soil from being disturbed or losing moisture. Coatings may include a light coat of tubricating o, lacquer,
cpoxy, Tefion, and others. Type of coating must be specified
4. Significance and Use by the engincer or geologist if storage wall exceed 72 h.

Piating of the tubes or alternate base metals may be specified
by the engineer or geologist.

5.4 Sampler Head. scrves 10 couple the thin-walled tube
to the insertion equipment and, together with the thin-walled
tube, comprises the thin-walled tube sampler. The sampler
5. Apparatus . head shall t;onlain a suitable check valve and z venting area

S ) o to the putside equal to or greater than the area through the

3.1 Drilling Equipmen(—Any drilling equipmenl may b¢  check valve. Attachment of the head to the tube shall be
used that provides a reasonably clean hole; that does 00U concentric and coaxial to assure uniform application of force
disturb the soil to be sampled; and that does not hinder the (5 the tube by the sampler insertion equipment.
penetration of the thin-walled sampler. Open borchole
diameter and the inside diameter of driven casing or hollow 6. Procedure
stem auger shall not exceed 3.5 times the outside diameter of ] . .
the thin-walled tube. 6.1 Clean out the bore¢hole to sampling elevation using

5.2 Sampler Insertion Equipment, shall be adequate to whatever mc.thod 15 prcﬁ:rrcd that will cnsum_thc material to
provide 2 relatively rapid continuous penetration force. For D¢ sampled is not disturbed. If groundwater is encountered,
maintain the hquid fevel in the borehole at or above ground
water level duning the sampling operation.

* This practice is under the jurisdiction of ASTM Committee D-1£ on Soif and 6.2 Bottom discharge bits are not permitted. Side dis-

Rock and ix the diroct responsibility of Subcommittce Di8.02 oa Sampiing and charge bits may be used. with caulion. Jetting through an
Bclated Field Testing for S0l javestigations, ’ i -1 1
Cucrent edition approved Aug. 17, 1983, Published October 198). Orginally open-tube sampler 10 clean out the borchole to sampling

“<hed as D 1587 - 58 T, Last provious cdition [ 1587 - 74, clevation Is not permitted. Remove loose material from the
raual Uook of ASTAL Standacds Vol 04 08, center of a casing or hollow sicm auger as c;mcfully as

4.1 This practice, or Practice I 3550, is used when it is
necessary o obtain a relatively undisturbed specimen suit-
able for laboratory tests of structural properties or other tests
that might be influenced by so1l disturbance.

-
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Diamond Core Drilling for Site Investlgatton
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1. Seape

1.1 ‘This practice describes cquipmcnt. and procedures for
jiamond core drilling 1o secure core samples of rock and”
:ome soils that are too hard to samplc by sail-sampling
nethods. This method is deseribed in the context of ob-
mmng data for foundation design and geotechaical engi-
acering purposes rather than for mmcral and mining explo-
ration.

1. Referenced Documents

2.1 ASTM Standards:

D 1586 Mcthed t‘ot Penetration Test and Split-Barzel
Sampling of Soils®

D 1587 Practice for Thin-Walled Tube Sampling of Soils®

D 3550 Practice for Ring-Lined Barrel Sampling of Soils®

3. Significance and Use

3.! This practice is used to obtzin core smamcus of
‘ar quality that reflect the insitu conditions of the

.al and structure end which are suitable for standard

" Pus,slcal-properniies tests and structuml—mt.cgnty deternina-
llOI‘L

4. Apparalus

4.1 Drilling Machine, capable of providing rotation, feed,
and retraction by hydrawlic or mechanical means 1o the drll
rods. .

4.2 Fluid Pump or Air Compressor, capable of delivering
sufficient volume and peessure {or the diameter and depth of
hole 1o be drilied

4.3 Core barrels, as required:

4.3,1 Single Tube Type, WG Design, consisting of Y
hollow stee! tube, with 2 head at one end threaded for drill

4 reasming sheli and core bit. A core lifier located within the
core bit is normal but may be ommcd at the discretion of the
geologist or engineer,

4.3.3 Double-Tube, Swivel-Type, W.T Design, is essen-

tially the same a3 the double tube, swivel-type, WG design,
except that the WT design hies thinner tube walls, a reduced
annuler arex between the tubcs, and takes a barger core from
. the same diameter bare kole, The core lifier is located within

the core bit.

. 4.3.4 Double Tube, Swivel Type, WAL Design, is similarty
the double tubs, swivel-type, WG desipn, except that the
inner tube is threaded st its lower end to recsive & core fifte
case that cffectively extends the inner tubs welt into the can
bir, thus minimizing exposuce of the core to the dolling fluid
A core lifter is contained within the core Lifter Qe on t
inner tube.

- 4.1.5 Double Tube Swivel-Type, Large-Diameter Design,
is simailar to the double tube, swivel-type, WM design, with
the addition of a ball valve, to control fluid flow, in alf thee
available sizes and the sddition of a sludge barrel, to cand
heavy cuttings, on the two larger sizes The large-diametr
design doubie tube, swivel-type, core barrels are gvailable it
thir€e core per hole sizes as follows: 2 in, (69:85 mm) by 33
in. (98.43 mm), 4 in. (101.6 mm) by 5% in. (139.7 mm), 2nd
6 in. (152.4 mm) by 7% in.- (196.85 mm), Their use &
generally reserved for very detailed invesigative work o
where other methods do not yicld adequete recovery.

4.3.6 Double Tube, Swivel-Type, Retrievable Inner-Tele
Method ~in which the core-laden innerfube assembly ¥
tetrieved to the surface and an empty innertube assembh
returned to the face of the borehole through the matching

-large-boee. drill rods without .need for withdrawal and &

rod, and a threaded conaecdon for a reaming shell and coee -~

bit at the other end. A core lifter, or retainer located within
the core bit is narmal, but may be omirted at the discretion
of the geologist or engincer.

4.3.2 Double Tube, Swivel-Type, WG Desipn-——An as-
sembly of two concentric stecl tubes joined and suppoxwd at
the upper end by mezns of a ball or roller-bearing swivel
armanged to permiit rotation of the outer tube without causing
rotation of the inner tubs. The upper end of the outer tube,
or remavable head, is threaded for drill rod A threaded
connéction is provided on the tower end of the outer tube for

! This practcs it under the judsdiction of ASTM Commutice D-14 0a 504 a2nd
b and is Ibe direct responabality of Subcommittze D102 on Stmpling and
© © Field Texing for Sod laveutigations,
- nt edition 3pproved juac 14, 1953, Published August §983. Odginally
A a0 D2 -62 T, Lax previous edition B 2113~} (1976}
~anual Bouk of ASTM Siundard:, Vol 01,08
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placement of the drill rods in the borehole. The inner-uk
assembly consists of an inner tube with removable core lifls
casc and core lifter ‘al anc end &nd a removable innertek
head, swivet beanng, suspension adjustment, and lawchiy
devicc with releass mechapism on the opposite end, Tk
inneraube latching devies locks into 2 complementary recs
in the wall of the outer tube such that the auter tube mayl:
rotated without causing rotation of the inner tube and sed;
that the latch may be actuated and the inner-tube assemb)|
wmzasporied by appropazte surface control. The auter whey
threaded for the matching, large-bare drifl rod and mtcmz!\
configured 10 receive the inner-tube latching device at oo
end and threaded for & ceaming shell and bit, or bit ouiy L
the other end.

44 Longiwudinally Split Inner Tubes—As opposed &
conventianal cylindrical inner tubes, alfow inspection of, am
access 10, the core by simply removing one of the two halta
They 2rc not standardized but are available fof most o=
bartels tncluding many of the retrievable inner-tube typet !
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43 Core Bits—Core bits shall be sucface set with dia-
poods, impregnated with smell diamond particles, inserted
~ith tungsten carbide slugs, or strps, hard-faced with various
‘hd surfzcing materials or furnished in saw-tooth form, all
& 2ppropriate to the formation being cored and with
sscurrence of the geologist or engineer. Bit matrix material,
Jowa shape, water-way type, location and number of water
s, diamond size and carat weght, and bit facing materiats
fall be for general purposs use unless otherwise appraved by
% geologist or engineer, Nominal size of some bits is shawn
uTable 1.

Notr §——Size desipnation (Jotier symbols) used throughout the text
wod im Tebles 1, 2, and 3 are those suaadardized by the Dizmond Cace
Dt Manufacturery' Agsoc. (DCDMA). Inch dimensions in the tables
e been rouaded to the nearest handredth of az inch .

46 Reaming Shells, shall be surface set with diamonds,
mpregpated with small dizmond particles, inscrted with
wagsten carbide strips or stugs, hard faced with various types
¥ hard surfacing materdals, or fumished bhnk, aff as
tppeapriate to the formation being cored. )

47 Core Lifiers—Core lifters of the split-ring type, cither
phin or hard-faced, shall be furniched and maintained, along
with core-lifter cases or innerdube extensions or inner-tube
docs, in good condition. Basket ar finger-type Hifiess, to-
tiher with any nocsssary adaplers, shall be on the job and
reiilable for use with each care barrel if so directed by lhc
wologist or engineer,

48 Casings:

48.1 Drive Pipe or Drive Casing, shall be s‘land:ud weight
lschedule 40), extra-heavy {schedule 80), dauble extra-heavy
{xhedule 160) pipe or W-design flush-joint casing &5 re-

TABLE 1 Torg Bit Slzas

quired by the nature of the overburden o the placement
mcthod. Drive pipe or W-design casing shail be of sufficient
diameler 1o pass the larpest core bamel to be used, and it shall
be driven 1o bed rock or to firm seating at an clevation below
water-seasitive farmation. A hardened drive shoe is to be
used as & cutling edge and thread protection deviee on the
boitom of the dnve pipe or casing. The diive shoe indde
diameter shall be large enough 1o pass the tools intended for
usc, and the shoe and pipe or casing shalf be free from burrs
or obstruciions, '

4.8.2 Casing—When necessary to cae through forma-
tions slready penctrated by the borchole or when no dhve
casing has been set, auxiliary casing shall be pravided to fit
inside the ‘borehele to allow use of the next smaller core
band.sunduﬂsizcsoftdmpingwﬁngmshown in
Table 2. Casing bits bave an obstruction in their interior and

) wﬂlnotpmdwncxtnnaﬂamngmUscam:hocm

additional telescoping is nntu:patcd.

483 Casing Liner——Plastic pipe or sheet-metal pipe may
be used to line an existing large-diameter casing. Liners, so
used, should not be driven, and care should be taken to
maintain truc alignment throughout the length of the liner,

4.84 Hollow Stem Auger—Hollow stem auger may be
used as casing for coring.

4.9 Drilf Rods:

4.9.1 Prill Rods of Tubular Steel Corstruction are nox-

" mally used to transmit feed, rotation, and retraction forces

fram the drlling machine to the core barrel. Drill-rod sizes

. that arc presently standardized are shown in Table 3.

492 Lrtge bore dall rods used with retricvable inner-
tube core barrels are not standardized. Drill rods usad with
rerrievable inner-tube core barrels should be those manufac-

- ured by the core-barrel manufacturer specifically foc the

Cutsida Diamator inglda Dhamater core barrel, . . )
£ Deslgnation o — - - 49.3 Compasite Drill Rods are specifically constructed
e —— —~ M}S o from lwo or more materials intended to provide specific
A i pipd 0508 210 praperties such as light w:x.g,hr. or clectrical nonconductivity.
EWG, EWM 1.47 na 0.845 1K 49.4 Nonmagnetic Drill Rods arc manufactured of
:v“.g s :ﬁ A :;’; :-3:; :azj nooferrous materials such as aluminum or brass and are
ewr 235 $95 110 e used prmarily far hole survey work. Snme nonmagnetic rods
. BWG, BWM 235 595 1,655 20 have lefi-hand threads in ofder o further thelr value in
aad 2.97 753 2313 sa7 survey work, No standard exists for nonmagnetic rods.
o A YIS W 4.10 Auxiliary Equipment, shall be fornished ¢ required
HWT 289 988 . 2447 z0g by thg work and shall incdude: rofler rock bjls. drag bits,
‘“"::GS-";—- ;ﬁ 19&5 imc '752 chopping bits, boulder busters, fishtail bits, pipe wrenches,
Ex TR 766 134'3;? 5_:; 12%: core barre] wrenches, lubrication equipment, core baxes, and
- . ‘ marking devices. Other recommended equipment includes
TABLE 2 Cesing Sizes
Outgde Diamaler kolds Dlamoter Wit £ Holg Deiiad witn
e Dasignation |
7 e Dasiora oy — g ™ Theveds poc i Core Bt Stze
AW IR 365 119 0.4 5 EWT. EWG, EWM
Ew a1 460 150 381 < AWT, AWG, AW
AW 225 ST 1.81 4n.4 4 BWT, BWG, BWM
Bw 288 T30 238 £03 “ NWT, WG, NWE
pw 3.50 849 3.00 762 = ¢ HWT, HWG
HW 4.30 1143 400 1016 < 4 x 8%
W 550 1997 $00 12770 1 6 xIK
Sw 6.63 682 . 60g 152.4 3 EXKTHR
w 753 193.6 1.00 1778 2 s
Iw 443 2130 8.00 203.2 2
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TABLE 3 Dl Aods i wm

cnaton Rod ead Couping Outsids Diemeisr Ao fisksa Damster - Coupleg) Borg, Tiveads -
Docigna [ " mm woc @m ’ n e pin -
T Aw 1.00 - ma 0Tz 182 0.4t ‘ 103 4
Ew 138 M. 1.00 254 0.44 11 E ]
AW 112 ’ «QaF 1.4 343 0.63 168 - S
Bw 213 sie 1.75 444 - 075 - 1.0 3
Nw 283 666 225 57 138 . 9 3
HW 350 84.9 3.06 3

T ‘238 60.3

core splmcr. rod wxckmg, pump-out tools or cxlrudcm and
hand sieve or stramer.

5. Transportation xnd Storage of Care Cantainers

5.1 Core Buxes, shall be constructed of wood or other
durable materal for the protection and storags of cores while
eosoute from the deill site 10 the laboratary or other
processing point, All corc boxes shall be provided with
longitudinal separators aad recovered cores shalf be Iatd out
85 a book would read, from left to night and top to bottom,
within the longidinal separators. Spacer blocks or plugs
shell be maiked and inserted into the core ¢olumn within the
scparatory to indicute the bcgtnning of each mring run. The
Seginning point of storage in cach core box is the upper
cﬁ-ha.nd comer, The upper left-hand comer of a hinged core
30x is the Ieft corner when the hinge is on the far side of the
30x and the box is fight-side up, All hinged core boxes must
3% permanently marked on the outside to indicate the top
wnd the bottom. All other core boxes must be permanently

tked on the ouiside to indicate the tap and the battom

+ additionally, must be permanently marked internally to

‘ + the upper-left comer of the botom w:th the ferters
- + sploteh of red paint not less than 1 in2 Lid or cover
wring(s) for core boxes must be of such quality a5 to ensure

gainst mix up af the corc 1o the event of impedt or upsetting
{f the core box during transporation.

5.2 Transportation of cores from the dnll site o the
iboratory or other processing point shafl be in durshle core
oxes so padded or suspended as to be isolated from shock or
npact tcansmitied 10 the transporter by rough tzrrein or
reless operution.

5.3 Swnrage of cores, after initial testing or inspection at
ie laboratory or other processing point, may be in card-
1ard or similar less cosily boxes prowdcd all tayout and
arking requirements as specified in 5.0 are followed.
dditional spacer blocks or plugs shall be sdded if pecessary

time of storage to explain missing core, Cores shall be
ared for a penied of time specified by the engineer but

ould not normally be discarded prior 1o completion of the
oject for which 1hey were tzken.

Proccdure

5.1 Use corednlling procedures when {ormations are
zountered that are 100 hard 10 be sampled by soil-sampling
thods. A t-in. (25.4-mm) or less penciration for 50 blows
accordance with Mcthod D 1586 or other critena estab-
wd by the geologist or cnpgineer, shall indicate that
" wampling mecthods are not applicable,

.U Seat the casing on bedrock or in = firm formation to
vent rrveling of the borehole and to prevent loss of
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drilling Ouid, Level the surface of the rock or hard formation
at the banom of the casing when necessery, using the
sppropriale bits, Casing may be omitted if the bcn:ho!e wﬂl
stand Open without the casing. -~

4.1.2 Begia the core drilling usiog an N-tiza double-tube
swivel-type core barrel or other size or type approved by the
engineer. Continue core drilling until core blockags oacurs or
until the-nat length of the core bamred has been drilled {n,
Remove the core barred from the hole 2nd disassemble It as
necessary 10 remove the core. Reassemble the core baorel ang
return it to the hole. Resume coring. -

6.1.3 Place the recavered core in the core box w:th the
upper (surfzee) end of the core at the upper-left corner of the
core box as described in 5.1. Continue boxing core with
appropriaie oarkings, spacsys, and blocks as desenbed In
5.1, Wrap soft or [dable cores or those which change
materially upon drying in plastie film or s2al in wax, or both,
when such treatment is required by the engiacer. Use spacec
blocks or stugs properly marked to indicate any noticeable
gap in recovered coce which might indicate a change or void
in the formation. Fit fracture, bedded, or jointed pieces of
core together as they naturally occurred.

6.1.4 Stop the core dnlling when soft matenals are co-
countered that produce less than 50 % reoovery. If necessary,
scfue sumples of soft materiads in accordapce with the
pracedures described in Meathod D 1586, Practice D 1587, 00
Practice. D 3550, or by any other méthod accaptable to the
genlogist or eapineer. Resume diamond core drilling when
refusal materiafs a5 described in 6.1, are¢ Again cocotntered.

6.2 Subsurface structure, including the dip of strata, the

- occurrence of seems, fissures, cavities, and broken areas arc

among the most Imponant items to be detected and de-
seribed. Taks special care to abtain and record information
about these features. If conditions prevent the continued
advance of the core dnlling, the hole should be comented
and rednlled, or reamed and cased, or cmsed and advanced
with the next smaller-size core bareel, as required by the
geologist or engineer.

6.3 Drilliing mud or grouting techniques must be ap
proved by the geologist or engineer prior o their use in the
borchole.

6.4 Compaibility of Equipment:

64.1 Whenever possible, core barels and dill rods
should be selected from the same lener-size designation to
¢osure mexdmum cflicieney, See Tables | and 3. .

6.4.2 Never use 2 combination of pump, dnli rod, and
core barrel that yiclds & clear-water up-hole velocity of less
than (20 ft/min.

6.4.3 Never use 3 combination of air compressor, dnl
rod, and core harrel that yields a eleac-air up-hole velocity of

“less than 3000 fifmin.



1 Baoring Leg

. L1 The bonng log shail include the following:

i 1,11 Project identification, boring number, location, date
tmmg began, date boring completed, and driller's name.

1.1.2 Elevation of the ground surface.
. 1.1.3 Elevation of or depth to ground water and raising or
fowrring of level including the dates and the times measured.

7.1.4 Elevations or depths 2t which drilling fluid return
g lost.
- LLS Size, type, and design of core barrel used. Size, type,
ud s¢t of core bit and reaming shell vsed. Size, type, and
dagth of all casing used, Descriplion of 20y movements of
hecasing. .

7.1.6 Length of cach core rus and the length or per-
entage, or both, of the core cecovered.

1.L.7 Geologist's or engineer’s description ot’ the formz-
tion recovered in each run.

1.1.8 Drille’’s description, il no engineer ar geologist is
resent, of the formation recovered in each run.
. 119 Subsurface structure desgription, indeding dip of
snats and jointing, cavitics, fissures, and any other observa-
‘tens made by the geologist or cngincer that could yield
mromauou regarding the formation.,

€l p211a

7.1.10 Dcpt.h, thickness, end sppareat nature of the fi llmg
of cach Qvity or sofy seam encouatered, fncluding opinions
gained from the Loct o appossancs o of the inside of tbe inner
tube when core is lost. Record opinions as such,

7.1.11 Asy change in the dmnaer of the drilling fluid or
drilling fluid return,

7.1.12 Tidsl ead curcent information when the borchole
is sufficlently closc to a body of water to be affected.

7.1.13 Dnlling time in misules per foot 2nd bit pressure
in pound-force per square inch gags when applicable,

1.1.14 Notations of charzcier of drilling, tlm Is, soft, slow,

easy, smooth, cta

’ 8. Precision and Bias

8.1 This pmcuoc dacs nat producc aurgetica] data; theces
fore, & precision and bizs statement is not applicable.

Nott 2—-Inctusion of the following tebles and wse of kiter symbols
{a the faccgoing text i not inlended to limit the padtics o uw of
DCDMA. twocls. The table and text references are iododed as g
convenicnee (o the nelr sioos the vaat mujority of tools n ase do mesy
DCDMA dimcasions! standards. Similar équipment of appeoziruately
equdmmﬂmmmmndudqmumublcumm
rupuluadbythcwgnmormbgn.

The Amsticen Sockly for Testing mduumm«mm&mwmnﬂﬁrdmypd-vamdhwmdbﬁ

with #ny kam mantioned b B standerd, Leors of this slendend are oxpressly sdired

et daiaemination of the veliiazy of kny sich

wwmmmmkdm‘ymdmmmmuwmmwxy B

m:umda:ub/ua:amf:bnumywmbymmmmaeawwmnm«mmundomdmﬁwnmind -
& ot cerndand, elthar reapproved of slthdrawil Your comtents are Envited olttser o revition of this clanderd of for sddltional slandards
et dtroukd be acdrassed 1o ASTH Hoadquarisrt, Your comments wil recobrs carsid considecation 8t 5 masting of the responsibés
techrical commictoa, which you may &itand. & you feal it your canmenis hive it recalved & lak hatring you should make o
visws Endwn 10 the ASTH Commites od Stenderds, 1018 Rece St Prfadsipile, PA 12101,
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MONITORING WELL INSTALLATION
1.0 PURPOSE

The purpose of this procedure isto provide general guidanceand reference material regarding the installation
of monitoring wells at various sites.

2.0 SCOPE

This SOP describes the methods of installing a groundwater monitoring well, and creating a Monitoring Well
Instaltation Record. This SOP does notdiscuss drilling, soil sampling, borchole logging or related activities.
These other activities are discussed in SOPs F102 and F101 entitled Soil and Rock Sample Acquisition, and
Borehole and Sample Logging, respectively.

3.0 DEFINITIONS

Monitoring Well — A monitoring well is a well which is properly screened, cased, and sealed to intercepta
discrete zone of the subsurface, and is capable of providing a groundwater level and sample representative
of the zone being monitored.

Piezometer - A piezometer is a pipe or tube inserted into an aquifer or other water-bearing zone, open to
water flow at the bottom, open to the atmosphere at the top, and used to measure water level elevations.
Piczometers are not used for the collection of groundwater quality samples or aquifer characteristic data other
than water level elevations.

Drive Point - A monitoring well which includes a screen casing and hardened point fabricated from stainless
steel that is driven into the soil to complete the well. The drive point can also be instalied by hand augering
to try to formulate a sand pack around the screen.

4.0 RESPONSIBILITIES

Proiect Manager - It is the responsibility of the Project Manager to ensure that field personnel installing
monitoring wells are familiar with these procedures. The Project Manager also is responsible for ensuring
that all appropriate documents (e.g., test boring logs, monitoring well construction logs, etc.) have been
correctly and completely filled out by the drilling inspector.

Field Team I eader -~ The Field Team Leader is responsible for the overall supervision of all drilling, boring
and well installation activities, and for ensuring that the well is completely and correctly instailed and logged.
The Field Team Leader also is responsible for ensuring that all drilling inspectors have been briefed on these
procedures. The Field Team Leader is responsible to provide copies of the well construction logs and field
log books to the Project File via the Project Manager on a2 weekly basis, unless otherwise specified by the
Project Manager.

Drilling Inspector (Site Geologist) - The Drilling Inspector or Site Geologist is responsible for the direct
supervision of drilling and well installation activities. It is the Drilling Inspector’s responsibility to record
details of the well installation, document subsurface conditions, complete the appropriate forms, supervise
the drilling crew (or drilling supervisor), and record guantities of the drillers billable labor and materials.
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5.0 PROCEDURES

The objectives for the use of each monitoring well and of the entire array of wells must be clearly defined
before the monitoring system is designed. Within the monitoring system, different monitoring wells may
serve different purposes and, therefore, may require different types of construction. During all phases of the
well design (both office and field), attention must be given to clearly documenting the basis for design
decisions, the details of well construction, and the materials used.

The objectives for installing monitoring wells may include:

Determining groundwater flow directions and velocities.
Sampling or monitoring for groundwater contamination.
Determining aquifer characteristics (e.g., hydraulic conductivity).
Facilttating site remediation via injection or recovery.

In cases where only the groundwater flow direction or velocity needs to be determined, cluster piezometers
or wells (i.e., wells completed to different depths in different boreholes at one data collection station) may
be used. For groundwater quality monitoring or aquifer characteristic determination, monitoring wells or
cluster wells should be used. In areas that are inaccessible to drill rigs (i.e., unstable surface soils), driven
wells (drive points) may be used.

Siting of monitoring wells shall be performed after a preliminary estimation of groundwater flow direction.
Typically, site visits, topographic mapping, regionalflocal hydrogeologic information, previously installed
piezometers or monitoring wells, or information supplied by local drilling companies will provide
information for smn_g wells. Flexibility should be maintained, so that well locations may be modified during
the field investigation to account for site conditions (e.g., underground utilities). The elevation and
horizontal location of all monitoring wells shall be determined through a site survey upon completion of well
installation.

5.1 Well Installation

The methods discussed in this section are applicable to shallow, small diameter monitoring wells.
Project-specific modifications to these methods shall be documented in the Sampling and Analysis Plan.
These modifications may nclude larger diameter shallow wells, extraction wells, deep monitoring wells
requiring surface casing and other specially constructed well types. Guidelines for monitoring well
construction are given in Attachment A. Typical shallow monitoring well construction details are shown in
Figures A-1 and A-2 in Attachment A for wells with flush-mounted and stick-up wells, respectively.

Note that these procedures discuss well instaltation using a PVC screen and riser pipe. Other materials such
as stainless steel or Teflon also are available. Generally PVC is less expensive and easier to work with than
either stainless steel or Teflon. A disadvantage to using PVC is the potential for degradation of the materials,
or release (leaching) of constituents into the groundwater. Because of these concerns, justification for using
PVC must be developed on a project-specific basis. The checklist shown in Attachment B provides a format
for developing this justification.

Upon completion of each boring (refer to SOP F101 and F102 for Borehole and Sample Logging, and Soil
and Rock Sample Acquisition, respectively), monitoring wells will usually be constructed using either 2—inch
or 4—inch inside diameter (I.D.) screen and riser. Schedule 40 PVC, threaded, flush-joint casings with a
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continuous #10 slot (0.010-inch), threaded, flush-joint PVC screen. A larger or smaller diameter screen
may be used to accommodate site- specific geologic conditions. If wells are to be constructed over 100 feet
in length, or in high traffic areas, or under other unusual conditions, Schedule 80 PVC may be used because
of its greater strength.

An appropriate length of well screen shail be installed in each boring. The length of screen typically varies
from | to 20 feet depending on site-specific conditions. For light nonagueous phase liquid (LNAPL)
applications, the screen should be installed such that at least 2 feet of screen is above the water table and the
remainder of the screen extends below the water surface so that free product can enter the well. Should very
shallow water table conditions be encountered, the screened interval in both the saturated and unsaturated
zones may be reduced to ensure an adequate well seal above the screened interval. If this situation ts
expected, it should be addressed in the project pians, as necessary. A 6-inch section of PVC casing may be
placed at the bottom of each screen to act as a settling cup for fines which may pass through the filter pack
and screen.

Other applications may call for different screen placement depending on the zone to be monitored and the
expected contaminants. For example, monitoring for dense non-agueous phase liquids (DNAPLs) may
require placing the screened interval in a "sump” at the base of the aquifer. Depending on the purpose of the
monitoring well, the riser pipe may extend from the top of the screened interval to either 6 inches below the

ground surface (for flush-mounted wells) to between approximately one and 2 feet above the ground surface
for wells completed with stick-up.

The annular space around the screen is to be successively backfilled with a well graded quartz-sand, sodium
bentonite and cement/bentonite grout as the hollow-stem augers are being withdrawn from the borehole.
The sand size used ip well construction will be appropriate for the formation monitored by the well. Sand
shall carefully be placed from the bottom of the boring to a minimum of 2 feet (or 20 percent of the total
screen length) above the top of the screened interval. A lesser distance above the top of the screened interval
may be packed with sand if the well is very shallow to allow for placement of sealing materials.

A sodium bentonite seal at least two-foot thick shali be place above the sand pack. For deep wells, a
bentonite siurry may be more appropriate than pellets due to problems with bridging in the annuiar space.

The annular space above the bentonite seal will be backfilled with a cement-bentonite grout consisting of
3 to 4 percent bentonite powder (by dry weight) or equivalent grout. The grout mixture shall be specified
inthe project pians. The grout will be tremied into the annular space greater than 20 feet high. Ifthe annuiar
space is less than 20 feet high, the grout may be poured directly into the annular space.

The depth intervals of ail backfill materials shali be measured with a weighted measuring tape to the nearest
0.1 foot and recorded on the Field Well Construction Record {Attachment C) or in a field logbook.

52 Drive Points

Drive points may be constructed in one of two ways. If the drive point is hammered into place, no other well
construction will take place. (Note that the weil assembly is fabricated from 2-inch diameter stainless steel

and includes a screen casing, and hardened point). The drive points wiil be sampled according to SOP F104,
*Groundwater Sample Acquisition.”
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53 Surface Campletion

There are several methods for surface completion of monitoring wells. Two such methods are discussed
below.

The first method considers welis completed with stick-up. The aboveground section of the PVC riser pipe
will be protected by installation of a 4- or 6-inch diameter, 5-foot long steel casing into the cement grout
with locking cap and lock. The bottom of the surface casing will be placed at 2 minimum of 2-1/2, but not
more than 3- 1/2 feet below the ground surface. For very shallow wells, a steel casing of less than five- feet
in length may be used, as space permits. The protective steel casing shall not fully penetrate the bentonite
seal. A concrete apron shall be constructed around the steel casing.

The second method considers flush~mounted wells, typically installed where a stick-up installation would
present a traffic hazard. The monitoring well shall be completed at the surface using a "flush" mount type
cover. If the well is installed through a paved or concrete surface, the annular space shall be grouted to a
depth of at least 2.5-feet and the well shall be finished with a concrete collar. 1f the well has not been
installed through a paved or concrete surface, the well shall be completed by construction of a concrete
apron. The concrete shall be crowned to meet the finished grade of the surrounding pavement, as required.
If appropriate, the vault around the buried wellhead will have a water drain to the surrounding soil and a
watertight cover.

Project specific tasks may require that all monitoring wells shall be labeled by metal stamping on the exterior
of the protective steel casing or locking cap. A sign reading "Not For Potable Use or Disposal" also shall
be firmly attached to each well. Alternately, well identification information may be stamped on a metal plate
and attached to the well protective steel casing or embedded in the concrete apron, if appropriate.

5.4 Well Development

There are two stages of well development, initial and sampling. Sampling development is described in SOP
F104, Groundwater Sample Acquisition. Initial developmenttakes place after the completion materials have -
stabilized, as the last part of well construction.

The purposes of the initial development are to stabilize and increase the permeability of the filter pack around
the well screen, to restore the permeability of the formation which may have been reduced by the drilling
operations, and to remove fine-grained materials that may have entered the well or filter pack during
installation. The selection of the well development method typically is based on drilling methods, well
construction and installation details, and the characteristics of the formation. Any equipment that is
introduced into the well during development shall be decontaminated in accordance with the SOP F501,
entitled "Decontamination of Drilling Rigs and Monitoring Well Materials.” A detailed discussion of weli
development is provided in Driscoll, 1986. »

Well development shall not be initiated until a minimum of 24 hours has elapsed subsequent to well
completion. This time period will allow the cement groutto set. Wells typically are developed using bailers,
low-yield pumping, or surging with a surge block or air. The appropriate method shall be specified in the
project plans.
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In general, all wells shall be developed until well water runs relatively clear of fine- grained materials.
Typical limits piaced on weli development may include any one of the following:

@ Clarity of water based en visual determinatien.

o A minimum pumping time period (typically one hour for shallow wells 10 to 30 feet deep).
o A minimum borehole volume (typically three borchole volumes) or until well goes dry.
@ Stability of specific conductance, turbidity, and temperature measurements (typically less

than 10 percent change between three successive measurements).

In addition, a volume equal to any water added during driliing will be removed above and beyond the
requirement specified above.

Well development limits shall be specified in project-specific plans. A record of the well development
(Figure A-3 in Attachment A) also shall be completed to document the development process.

Usuaily, a minimum period of one week should elapse between the end of initial development and the first
sampling event for a well. This equiiibration period allows groundwater unaffected by the instaation of the
‘well to occupy the vicinity of the screened interval. However, this stabilization penod may be adjusted based
upon project- specific requirements,

55 Contaminated Materials Handling

SOP F504, entitled "Handling of Site Investigatidn Derived Waste,” discusses the procedures to be used for
the handling of auger cuttings, decontamination water, steam pad water, and development and purge water.
Specific handling procedures should be delineated in the Sampling and Analysis Plan. In general, all site
Investigatien penerated wastes shall be containerized unless otherwise specified by the Sampling and

Analysis Pian. The dlSpOSItIOn of these wastes shall be determined after receipt of the appropriate analytical
results.

5.6 Well Censtruction .Recnrds

Field Well Construction Records shall be compieted by the Drilling Inspector for each monitoring well
installed. These records preferably shail be completed as the well is being constructed. However, due to
space limitations en this form it may be more practical to record well installation information in the field
logbook and later transfer it to the Field Well Construction Record. If well construction information is

recorded in the field iogbook, it must be transferred to the appropriate form within 5 days, and prior to
demobilization from the field.

Field Well Censtruction Records (in Attachment C), shall inciude not only well construction information,
but also information pertaining to the amount of materials used for construction. Some of the following
items shali be recorded on the Field Well Construction Record, or in the field logbook, as appropriate:

® Project name and location.

® Project number.
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o Date and weather,

©  Well identification designation.

® Drilling company and driller.

® Top of casing elevation (information collected after the site survey).

® Pay items including amount of screen and riser pipe used, amounts of cement, bentonite and
sand used, and other well construction items.

® Well casing and borehole diameters.

@ Elevations of (or depth to) top of steel casing, bottom of well, top of filter pack, top of

bentonite seal, top of screen.

The information on the Field Well Construction Record will be used to generate a final Well Construction
Record which combines the Field Boring and Well Construction Logs into one package. An example of all
‘three documents is presented in Attachment C.

6.0 QUALITY ASSURANCE RECORDS
The Field Well Construction Record is the principle quality assurance record generated from well installation v
activities. Additionally, a Field Well Development Record shall also be completed, as well as pertinent

comments in the field logbook.

7.0 REFERENCES

I. Driscoll, Fretcher, G, 1986, Groundwater and Wells, Johnson division. St. Paul, Minnesota. 2nd
ed..

2. Roscoe Moss Company, 1990, Handbook of Ground Water Development. John Wiley & Sons.
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3. USEPA, September, 1986, RCRA Ground- Water Monitoring Technical Enforcement Guidance
Documenit.

4, Aller, L. et al. ; June 1989, Handbook of Suggested Practices for the Desien and Installation of

Ground Water Monitoring Wells. National Water Well Association. Dublin, Chio.




ATTACHMENT A

UST MONITORING WELJ, CONSTRUCTION AND FIELD OPERATIONS

SPECIFICATIONS

Well permits required by state agencies are the responsibility of the contractor. All monitoring wells will
be installed in accordance with the specifications set forth in the site-specific sampling and analysis plan.
The wells will be constructed of either a 2-inch or 4-inch inside diameter (I.D.) flush joint threaded PV C well
screen and riser casing depending on conditions encountered during borehole completion.

DRILLING

During the drilling program, boreholes will be advanced using conventional hollow-stem auger drilling
methods. If it is the opinion of the contractor that air or mud rotary drill methods are necessary, approval
must be obtained from the Investigation Manager. Presentation of justification for a boring method change
shall be presented prior to drilling. -

Well construction details are shown in Figures A-l and A-2. A drill mounted on an All-Terrain-Vehicle
(ATV)may be required for access to remote areas. Each rig will use necessary tools, supplies and equipment
supplied by the contractor to drill each site. Drill crews should consist of an experienced driller and a driller
assistant for work on each rig. A geologist, experienced in hazardous waste site investigations, shall be on
site to monitor the drillers efforts and for air monitoring/safety control. Additional subcontracior personnel
may be needed to transport water to the rigs, clean tools, assist in the installation of the security and marker

pipes, construct the concrete aprons/collars and develop the wells. A potable water source in the plant will
be designated by U.S. Steel.

Standard Penetration Tests (SPTs) will be performed in accordance with ASTM D-1586. Standard
penetration tests will be performed at the following depths: 0.0-1.5 feet; 1.5-3.0 feet; 3.0-4.5 feet; and 5-foot
centers thereafter. In cases where soil sampling for environmental analytical analysis is required, 24-inch
spoon barrels may be used in the SPT to obtain a sufficient amount of sample for required ana]ysns A boring
log of the soil type, stratification, consistency, and groundwater level will be prepared.

SAMPLING

Soil samples of the subsurface materials will be collected at the interval specified in the Sample and Analysis
Plan throughout the borehole in accordance with ASTM Method D-1586. Each soil sample will be screened
in the field using an Hnu photoionizer, organic vapor detector or similar type direct readout instrument to
identify the presence of volatile organic vapors within the soils. This field screening will provide a
- preliminary indication of the vertical and horizontal extent of contamination in order to select the optimum

locations of other monitoring wells during the drilling program. Based on the field screening, two-inch or

four-inch diameter monitoring wells will be installed at the locations where the most significant accumulation
of contamination is encountered.
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WELL INSTALLATION

After completion of soil sampling and drilling to the specified depth, two-inch and/or four-inch (as required
in the Sample and Analysis Plan) inside-diameter, flush-threaded Schedule 40 PVC (Schedule 80 in traffic
areas) monitoring wells with slotted screens and well casings will be installed in the borehole. A 5-to 15-
foot section of 0.01~inch slotted PVC well screen shall be used in each well. A sand pack will be placed
around the slotted well screen extending to 2 feet above the top of the screen. A bentonite seal (minimum
thickness of 1 foot) will be placed on top of the sand pack. Finally, a grout mixture of three to four percent
bentonite powder (by dry weight) and seven gallons of water per 94 pound bag of cement, thoroughly mixed,
will be placed in the borehole to insure a proper seal. '

WELL DEVELOPMENT

All wells will be developed not less than 24 hours following their installation to remove fine ground
materials that may have entered the well during construction. Wells shall be developed until water runs
relatively clear of fine-grained materials. Note that the water in some wells do not clear with continued
development. Typical limits placed on well development may include any one of the following: -

. Clarity of water based on visual determination.

. A maximum time period (typically one hour for shallow wells, well depth of 10 to 30 feet).

. A maximum well volume (typically three to five well volumes).

. Stability of specific conductance and temperature measurements (typically less than 10
percent change between three successive measurements).

. Clarity based on turbidity measurements (typically less than 50 NTU).

In addition, a volume equal to any water added during drilling will be removed above and beyond the
requirement spec:f'ed above. .=

Figure A-3 presents the Field Well Development Log used to document development data. This will be
accomplished by either bailing or continuous, low-yield pumping. Equipment used for well installation that
may have come in contact with potentially contaminated material will be decontaminated with a high
pressure steam wash followed by a potable water rinse. SOPF504, entitled "Handling of Site Investigation
Derived Waste", discusses the procedures to be used for the handling of auger cuttings, decontamination
water, steam pad water, and development and purge water. Specific handling procedures should be
delineated in the Sampling and Analysis Plan.

Supplies and equipment will be transported to the lay-down area designated by U.S. Steel. Any offi ice space,

trailers, etc., required for drilling, subsequent sampling and sh:ppmg shail be arranged and provided by the
contractor.

WELLHEAD COMPLETION

A four-inch diameter security pipe with a hinged locking cap will be installed over the well casing top and
will be embedded approximately 2.5 feet into the grout.

There are two acceptable methods of completing the wellheads.
In traffic areas (and non-traffic areas where required), a "flush” mount type cover shall be built into a

concrete pad as shown in Figure A-1. Ifthe well is installed through a paved or concrete surface, the annular
space between the casing and the borehole shall be grouted to a depth of at least 2.5 feet and finished with



a concrete coliar. If the well is not installed through a concrete or payed medium and sti]] finished as a high'
traffic area, a concrete apron measuring 5-foot by 5-foot by 0.5 foot will be constructed around each well.
This apron/collar will be constructed of 3,000 psi ready-mixed concrete. The concrete will be crowned to
provide and to meet the finished grade of surrounding pavement as required. The concrete pads can be
constructed within five days after all of the wells have been installed.

In non-raffic areas the acceptable method of finishing a wellhead is shown in Figure A-2. Each well will
be marked with three, Schedule 40 steel pipes, three-inch LD., embedded in a minimum of 2.5-foot 0f 3,000
psi concrete. (The concrete used to secure the three pipes will be poured at the same time and be an integral
part of the 5-foot by 5-foot by 0.5-foot concrete apron described above.) The security pipes will extend a
minimum of 2.5 feet and maximum of 4.0 feet above the ground surface. The steel marker pipes will be
filled with concrete and painted day-glo yellow or an equivalent. Attachment C presents Sample Field Test
Boring Records and Field Well Construction Record Forms.

in all finished methods, the well covers will be properly labeled on the exterior of the security pipe locking
cap and by labeling vertically on the exterior of the security pipe or manhole cover, as appropriate. The

labeling shall consist of the identification specific to each well as described in the Sampling and Analysis
Plan. N

A sign reading "NOT FOR POTABLE USE OR DISPOSAL" shall be firmly attached to each well.
* The contractor or project team may supplement these requirements, but may not modify or delete
them, in total or in part, without prior approval of the USEPA.

If any part of the above specifications is in conflict with the regulations set forth by the State, the State
regulations take precedent.

"
i



FIELD WELL DEVELOPMENT RECORD
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ATTACHMENT B

ALTERNATE WELL CASING MATERIAL JUSTIFICATION
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ATTACHMENT B

ALTERNATE WELL CASING MATERIAL JUSTIFICATION

The following is EPA's minimum seven point information requirements to justify the use of PVC as an
altemnate casing material for groundwater monitoring wells. If requested by EPA (USEPA Region IV),
justification of the use of PVC should be developed by addressing each of the following items.

1.

The Data Quality Objectives (DQOs) for the samples to be collected from wells with PVC
casing as per EPA/540/G-87/003, "Data Quality Objectives for Remedial Response
Activities."

The anticipated compounds and their concentration ranges.
The anticipated residence time of the sample in the well and the aquifer's productivity.
The reasons for not using other casing materials.

Literature on the adsorption characteristics of the compounds and elements of interest for
the type of PVC to be used.

Whether the wall thickness of the PVC casin_g would require a larger annular space when
compared to other well construction materials.

The type of PVC to be used and, if available, the manufacturers specifications, and an
assurance that the PVC to be used does not leach, mask, react or otherwise interfere with the
contaminants being monitored within the limits of the DQOs.



ATTACHMENT C

FIELD TEST BORING RECORD AND
FIELD WELL CONSTRUCTION RECORD FORMS
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